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threshold 


Over 100 investigators in 15 countries have clinically demonstrated 
that ‘““Mysoline”—alone or in combination with other anticonvulsants 
— effectively controls grand mal and psychomotor attacks with a high 
degree of safety. No irreversible toxic effects have been reported. 
This is now supported by three years of successful clinical use in the 


United States. 


Supplied: 0.25 Gm. scored tablets, bottles of 100 and 1,000. 


(ors) AYERST LABORATORIES + NEW YORK, N.Y. © MONTREAL, CANADA 


“Mysoline” is available in the United States by 
5767 arrangement with Imperial Chemical Industries Ltd. 
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INFORMATION 
FOR Authors 


Nevrotocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy) 
should be sent to Dr. Russell N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neurotocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
Nevuro.ocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. Illustrations should drawn in 
India ink on white paper with clear lettering. 
Photographs should be glossy prints. Tables 
should be typed on separate sheets. The title 
of the article, name of author, and number of 
figure should be placed on the back of every 
illustration, and the top should be designated. 
Legends for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. Franxuw, C. R., and 
Brickner, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wecnser, I. S.: 
A Textbook of Clinical Neurology, ed. 3. Phila- 
delphia, W. B. Saunders Company, 1935, pp. 
194-199, 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
ay > correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley i 
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Psychiatrists 


Pacatal produces ‘‘a remarkable 
fluidity and warmness of affect.’”! 


Patients 


Pacatal males me feel “ ‘on top 
of the world’ and wonderfully 
clear in the head.””? 


Personnel 


With Pacatal ‘‘the hospital 

atmosphere is calmer and 
more optimistic . . . work more 
interesting.”’> 


...agree on the euphoric effect of 


acatal 


(BRAND OF MEPAZINE) 


Pacatal is distinguished from the earlier phenothiazine compounds because 

it does not “flatten’”’ the patient. Pacatal leaves him alert and cheerful—more 
responsive to your therapy. Side effects, too, are fewer; and when they 

do occur, are usually quickly controlled or reversed. 


Dosage: Usual dosage for the hospitalized patient is 50 mg. 3 or + times daily; 
for the ambulant patient, 25 mg. 3 or 4 times daily. Complete literature 
and dosage instructions, available on request, should be consulted. 


Supplied: 25 and 50 mg. tablets in bottles of 100 and 500; 100 mg. tablets in 
bottles of 500. Also available in 2 cc. ampuls (25 mg./cc.) for parenteral use. 


References: 

1. Sainz, A.: Personal communication. 

2. Hutchinson, J. T.: Evaluation of Pacatal in Psychotic States, 
address before the American Psychiatric Association, Nov. 16, 1956. 

3. Bowes, H. A.: Am. J. Psychiat. 113:530 (Dec.) 1956. 
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now combined: 


a steroid 


| and ana it 


for the depressed and regressed 


selective increase in psychic energy 


MARSILID 


(iproniazid) Roche 


In both mild and severe depression, Marsilid can restore a sense of 
healthy well-being, with renewed vigor, activity and interests. Patients 
with acute depression refractory to shock treatment have shown a 
heartening response to Marsilid. Even “burned out” psychotics, un- 


touched by any other therapy, have become more alert, responsive 
and sociable. 


As a psychic energizer, Marsilid is truly unique. It provides continuous 
mood improvement with gradually reduced dosage. Patients do not 
develop resistance to its normalizing effect; there is no tachyphylaxis. 
Marsilid does not elevate blood pressure . . . does not decrease but 
usually stimulates appetite. 


In mild depression, improvement with Marsilid is usually evident 
within a week or two. In severe depressive states of hospitalized 
psychotics, a month or more may be required for apparent response 
... but Marsilid often leads to complete remission, obviating the need 
for shock therapy. 


Note:Marsilid is contraindicated in patients who are agitated, overactive 
or overstimulated, or in those with a history of renal or hepatic disease. 


For complete references and information concerning dosage, indications and contraindications, 
write V. D. Mattia, Jr., M. D., Director of Medical Information, Roche Laboratories, 
Division of Hoffmann-La Roche Inc, Nutley 10, N. 7. 

MARSILID® PHOSPHATE — brand of iproniazid phosphate 

Supplied in scored tablets of 50 mg (yellow), 25 mg (orar 7<), and 10 mg (pink) 
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EPILEPSY 


Non-Mercurial Diuretic 


DIAMOX 


Acetazolamide Lederle 


1. Golla, F. and Hodge, R. S.: Letters to the Editor, 
Lancet 1:304 (Feb. 25) 1956. 


Dramatic response to DiaMox in resistant 
cases of petit mal has been described.! Ad- 
ministered daily to 78 patients responding 
poorly to standard medication, DiaMox 
achieved these results: 34 patients were free of 
seizures within 2 days, 33 others experienced 
no seizures during the first mon‘h, and 11 had 
only one or two attacks a month. Only two 
patients failed to respond to therapy. 


A highly versatile drug, DiaMox has also pro- 
duced gratifying respunse in grand mal* ind 
other conditions including caraiac edema, 
acute glaucoma, obesity, premenstrual tension 
and toxemia of pregnancy. Orally adminis- 
tered, DiaMox is well tolerated, and even 
when given in large dosage serious side effects 
are rare. 


Supplied: Scored Tablets of 250 mg. Syrup: 
botties of 4 fluid ounces, 250 mg. per 5 cc. 
teaspoonful, peach flavor. 


2. Bergstrom, W. H.: Carzoli, R. F.; Lombroso, C.; 
Davidson, D. T.; and Wallace, W. M.: A.M.A. Am, 
J. Dis. Child. 84:771 (Dec.) 1952. 


t Lederle) LEDERLE LABORATORIES DIVISION. ‘ MERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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SQUIBB ANNOUNCES 


A NEW, IMPROVED AGENT 
FOR BETTER MANAGEMENT 
OF PSYCHOTIC PATIENTS 


ESPRIN 


SQUIBB TRIFLUPROMAZINE 10-(3-dimethylaminopropyl)-2-(trifl 


SCHIZOPHRENIA ® MANIC STATES ® PSYCHOSES ASSOCIATED WITH ORGANIC BRAIN DISEASE 


Modification of the’ phenothiazine 
... reduces unwanted 


\ctive ahd rapid in contrapling manic excitement and panic... 
in modifying the disturbing effects of delusionsand hallucinations... 
moderating hostile behavior...in facilitatir® i nsight 


Intractable behavior patterns brought under control .. 
patients made accessible to psychotherapy nursing care reduced. 


ial rehabilitation hastened 
oe dosage tevels may be. 
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WHAT IS IT? Vesprin— Squibb Triflupromazine—is 
a new, improved agent for better management of psy- 
chotic patients. It is useful in schizophrenia, manic 
states and psychoses associated with organic brain 
disease. 

Vesprin is chemically and pharmacologically 
improved. The phenothiazine structure has been 
modified, resulting in potentiation of beneficial prop- 
erties and in reduction of unwanted effects. Pharma- 
cologically, Vesprin shows an enhanced potency with 
far less sedative effect. 


CLINICAL EXPERIENCE: Data in over 600 of the 
hundreds of patients treated with Vesprin to date 
have been carefully analyzed. 

In 1 series of 55 hospitalized psychotic patients treated 
with Vesprin, marked to moderate improvement oc- 
curred in approximately 66 per cent. 

Five patients were discharged from the hospital. Two 
of these patients had not responded to any previous 
treatment. 

In another small series of patients, which included 
12 disturbed children, some improvement was seen 


in 11 of the 12 children who were treated with Vesprin 
for at least 2 months. In none of the children were 
any significant side effects observed. 

In a third series of 123 psychotic patients treated 
with Vesprin for more than 3 months, 5 recovered 
from all of their active psychotic manifestations, 
particularly delusions and hallucinations, and 24 re- 
covered from most psychotic manifestations with 
good social remission. An additional 78 patients 
showed significant improvement in their psychotic 
behavior. 

Another group of schizophrenic patients has been 
treated with Vesprin for periods ranging from 6 
months to 1 year. During this time clinical laboratory 
studies were made weekly, and later monthly, on 
urine and blood of the patients. 

Although leukocyte counts showed some tendency to 
decrease, there were no abnormally low counts. 
Though hemoglobin levels tended to show some in- 
crease, it was not significant. Liver function tests per 
formed during the final 2 months of treatment were 
entirely negative. 

This investigator concluded that these laboratory 
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Squibb Triflupromazine 


studies gave no evidence of drug toxicity. 

Another investigator thought that Vesprin appeared 
to be more active and rapid in effect. The best re- 
sponse to Vesprin was seen in overactive, troublesome 
schizophrenic patients. 


WHAT ARE THE ADVANTAGES? Clinical expe- 
rience in hundreds of patients has shown that Vesprin 
does not oversedate the patient into sleepiness, drow- 
siness and lethargy. Drug-induced agitation is 
minimal. 

Vesprin is active and rapid in controlling manic states, 
excitement and panic, and also in controlling the 
disturbing effects of delusions and hallucinations. 
Vesprin moderates hostile behavior and facilitates 
insight. 

With Vesprin, intractable behavior patterns are rap- 
idly brougitt under control. Thus, patients are made 
accessible to psychotherapy. Nursing care is reduced, 
and the patients’ social rehabilitation is facilitated. 
Extensive clinical experience has shown Vesprin to 
be singularly free from toxicity. Clinicians who have 
worked with the drug over long periods have not seen 


improved agent 


management 


In extensive clinical experience— 
singularly free from toxicity 


Jaundice or liver damage...not observed 
Skin eruptions...rare 
Photosensitivity...rare 

Blood dyscrasias...not observed 
Hyperthermia...rare 

Convulsions...not observed 


jaundice or liver damage, blood dyscrasias, or con- 
vulsions. Skin eruptions, photosensitivity or hyper- 
thermia have been rarely observed. 


WHAT ARE THE SIDE EFFECTS? Investigators 
have reported such symptoms as dizziness, nausea, 
weakness, drowsiness and epigastric distress in pa- 
tients treated with Vesprin. Postural hypotension has 
been seen occasionally in normotensive patients. A 
hypotensive effect has been observed in patients with 
high blood pressure. 

Anxiety and restlessness have been observed in some 
patients, and gain in weight in a few. These effects 
have usually been mild, and, as a rule have disap- 
peared when the dosage was reduced or treatment 
stopped. 

The most commonly encountered side effect has been 
the development of a Parkinson-like syndrome with 
motor disturbances and extrapyramidal symptoms. 
This syndrome is reversible and symptoms usually 
subside with a reduction of dosage or discontinuance 
of medication for 2 or 3 days. 
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WHEN IS IT INDICATED ? Vesprin is indicated in 
treatment of various acute and chronic psychoses. 
Because it ameliorates psychomotor hyperactivity 
and assaultive behavior, Vesprin is particularly useful 
in management of schizophrenia, manic states, socio- 
pathic personality disturbances with psychotic reac- 
tions, mental deficiency with psychoses, and psychoses 
associated with organic brain disease and senility. 
Contraindications: Vesprin is contraindicated in coma- 
tose states due to central nervous system depressants 
(alcohol, barbiturates, opiates). 


WHAT IS THE DOSAGE? The recommended 
adult dosage of Vesprin is 25 mg. t.i.d., to be adjusted 
according to patient response. This dose may be in- 
creased until the desired clinical effect has been 
achieved, or until unwanted side effects become a 
problem. 

The initial dose for children is 10 mg. t.i.d. 

The suggested starting dose in geriatric patients is 
10 mg. t.id. The dosage in children and elderly 
patients may be increased according to patient 
response. 


Squibb Triflupromazine 


The optimum dose of Vesprin varies from patient to 
patient and should be established on an individual 
basis. In the majority of patients, prolonged treat- 
ment is required for maximum clinical response. 
Caution: Although no deleterious effects on the hemo- 
poietic system have occurred to date in the extensive 
clinical use of Vesprin, routine blood counts are sug- 
gested during the course of therapy. 

Patients should be watched for indications of soreness 
of the mouth, gums or throat, or for symptoms of 
upper respiratory infection. If these complications 
occur, and a confirmatory leukocyte count indicates 
cellular depression, the agent should be stopped and 
appropriate treatment, including intensive antibiotic 
therapy, should be started immediately. 


HOW IS IT SUPPLIED? Vesprin is supplied in 
tablets of 10 mg., 25 mg., and 50 mg. in bottles of 
50 and 500. 


“VESPRIN® IS A SQUIBB TRADEMARK 
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a Rapid relief from inflammatory neuritis—which reduces the 
at- cost of this painful disability by permitting patients to resume 
work quickly—is described by Smith’? and Lehrer et By 
ve starting PROTAMIDE in the first week of symptoms, 96% of 
7. 313 patients recovered with only one to four injections, short- 
ess ening the duration of disability from weeks to just a few days.’ 
* PROTAMIDE is a sterile colloidal tein reaction . . . virtually painless 
tes solution prepared from animal on administration . . . supplied in 
nd gastric mucosa . . . free from pro- boxes of ten 1.3 cc. ampuls. 
tic 
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Detroit 11, Michigan 


1, Smith, R. T.: M. Clin. North America, March 1957. 2. Smith, R. T.: New York Med, 5:16, 1952. 
3. Lehrer, H.W, et al.: Northwest Med. 75:1249, 1955. 
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ALL DAY 


Smith, Kline & French Laboratories, Philadelphia, Pa. 


S.K.F. ANNOUNCES ALL-DAY OR ALL-NIGHT 
‘THORAZINE’ THERAPY WITH A SINGLE ORAL DOSE } 


New ‘Thorazine’ Spansule 
capsules offer the proven 
efficacy of ‘Thorazine’ plus 
the advantages of all-day or 
all-night therapy with a 
single oral dose. Your pa- 
tients enjoy the convenience 
of only one or two doses 
daily. Because there is little 
risk of forgotten doses and 
consequent medication-free 
intervals, you have far better 
control over your patients’ 
course of medication. 


strengths: 30 mg., 75 mg., 150 mg. and 200 mg. 


*T.M. Reg. U.S. Pat. Off. for chlorpromazine, S.K.F. 
tT.M. Reg. U.S. Pat. Off. for sustained release capsules, S.K.F. 
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Poliomyelitis 


Volume 7 e Number 11 


16. A Study of Pulmonary Edema 


A. B. Baker, M.D. 


ONE OF THE most disturbing complications of 
bulbar poliomyelitis is the sudden appearance 
of pulmonary edema, which often resists all 
forms of treatment and frequently produces 
the death of the patient. This complication 
often occurs suddenly, even in the presence 
of an illness that appears to be controlled or 
even subsiding. To date, the exact etiology 
of such pulmonary edema has escaped all 
forms of investigation. The fact that neural 
mechanisms are implicated cannot be avoided, 
since a similar complication has been observed 
in many other disturbances involving the cen- 
tral nervous system, such as brain tumors,! epi- 
lepsy,' cerebral hemorrhage, embolism, and 
thrombosis,?-* head injury, and encepha- 
litis.* In view of the importance of this com- 
plication to the welfare of the patient, it is not 
surprising that a great deal of investigative 
work has been undertaken in an attempt to 
elucidate the neural factors involved. 

Since the vagus nerves were known to play 
an important role in both pulmonary vascular 
tone and cardiac function, it is not surprising 
that the earlier studies centered around the 
effects of bilateral vagotomy. Vieussens® ap- 
parently was the first to report lung changes 
after vagotomy. Legallois® in 1812 suggested 
that laryngeal denervation was the causative 
factor in lung edema and not the central im- 
pairment of pulmonary and cardiac function. 
There soon developed two distinct schools of 
thought. The one considered that bilateral 
vagotomy produced a primary disturbance in 
function of the pulmonary vessels and in car- 
diac function, thus resulting in pulmonary 
edema.!"-!2_ Farber!! in a series of investiga- 
tions showed that bilateral section of the recur- 
rent laryngeal nerves alone did not result in 
pulmonary edema, in spite of possible obstruc- 


tion, providing the airway was kept clean. 
However, bilateral cervical vagotomy often did 
result in pulmonary changes, particularly if the 
animal was given large amounts of fluid. Far- 
ber felt that the pulmonary changes were due 
to 1) loss of parasympathetic vasoconstrictors 
which deprives the pulmonary vessels of mech- 
anisms necessary in adjustment of pulmonary 
vascular dynamics, and 2) changes in control 
of heart function due to its parasympathetic 
denervation. 

The second school, which is most popular 
today, felt that all pulmonary changes which 
follow bilateral vagotomy may be due to a 
primary disturbance of laryngeal function with 
obstruction.1*-"5 At the present time, it is felt 
that the major factor in vagotomy lung edema 
is airway obstruction and, if the airway can be 
kept clean and open, edema will not result.16 

A number of investigators have attempted 
to produce pulmonary edema by direct irrita- 
tion of the medullary centers. Jarish and his 
associates,!7 as well as Horst and his co-work- 
ers,!8 produced pulmonary changes in dogs, 
rabbits, and guinea pigs by injecting an irri- 
tant, Veratrin, into the cisterna magna. These 
investigators believed that Veratrin caused a 
sympathetic stimulation and, therefore, a vaso- 
pressor effect, thus forcing blood from the 
greater to the lesser circulation. This is accom- 
panied by a concomitant loss of tone and an 
overdistention of the small pulmonary vessels. 

Cameron and De’® produced massive lethal 
pulmonary edema in rabbits by injecting a 
combination of fibrin and fibrinogen into the 
cisterna magna. They felt that the pulmonary 


From the division of neurology, University of Minnesota 
School of Medicine, Mi polis, Minnesota. 

Read at the ninth annual meeting of the American Acad- 
emy of Neurology, Boston, Massachusetts, April 25, 1957. 
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changes occurred as a result of vagal disturb- 
ance, with a resulting increase in pulmonary 
capillary permeability. Sarnoff and Sarnoff*° 
repeated these experiments using dogs. They 
believed that fibrin resulted in an irritation of 
the sympathetic centers of the medulla, with 
stimulation of the cardiovascular centers pro- 
ducing an elevation of pulmonary and systemic 
arterial and venous pressures. 

Gamble and Patton*! were able to produce 
fatal hemorrhagic pulmonary edema in adult 
rats by discrete electrolytic lesions of the ros- 
tral hypothalamus in the region of the preoptic 
nuclei. In a few animals, more caudally placed 
lesions in the midline destroying the periven- 
tricular system produced edema. 

The fact that the sudden onset of intra- 
cranial hemorrhage with an associated in- 
creased intracranial pressure often results in 
pulmonary edema** has led a number of in- 
vestigators to study this factor of altered intra- 
cranial dynamics. Campbell and Visscher?* 
subjected guinea pigs to increased intracranial 

ressure by injection of air into a rubber bal- 
loon placed extradurally. In these animals 
only a very mild pulmonary edema and con- 
gestion developed. Harrison and Liebow** 
produced intracranial pressure by introduction 
of Tyrodes solution subdurally in dogs. Tra- 
cheotomy was performed prior to the experi- 
ment. With the rise of intracranial pressure, 
there resulted a rise of left atrial pressure 
which was also associated with a rise of pul- 
monary capillary pressure, thus establishing 
conditions favorable for the development of 
pulmonary edema. Actual pulmonary edema 
occurred only in an occasional dog. 

In view of the many different opinions re- 
garding the neural mechanisms involved in 
pulmonary edema, it was felt that some further 
knowledge might be gained concerning this 
subject by a careful study of the central nerv- 
ous system in a series of cases of pulmonary 
edema. During the period 1946 to 1951 the 
entire nervous system of over 150 patients 
dying of bulbar poliomyelitis became avail- 
able for study. The case histories and the 
autopsy findings were checked carefully for 
cases which might be used for this study. Only 
those cases were selected in which both lungs 
showed extensive pulmonary edema on histo- 
logic study and weighed around 500 gm. or 
more. It was felt that the bilaterality of the 
lesions would facilitate histologic interpreta- 
tion of the neurologic lesions. Using these 
rigid criteria, ten cases were available that 
could be considered as obvious cases of exten- 
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sive bilateral pulmonary edema. In addition 
to the above, the autopsy records were also 
surveyed for cases which had no evidence of 
pulmonary changes and could be used as con- 
trols. Five cases were found in which bulbar 
poliomyelitis had terminated fatally but still 
the lungs showed no pathologic alterations and 
weighed under 200 gm. Since detailed studies 
of all areas of the nervous system had already 
been made and reported,*>-*" sections pre- 
pared with Nissl stain, hematoxylin-eosin stain, 
and Weil’s stain were readily available from all 
areas of the nervous system in each of these 
15 cases. The sections were carefully reviewed 
and the nature and degree of changes noted 
and tabulated in all areas of the brainstem, 
hypothalamus, and cerebral hemispheres. It 
was hoped that such a survey would enable us 
to compare the severity of lesions within the 
nervous system and to determine any differ- 
ences in the pattern of lesions between fatal 
cases with pulmonary edema and those with- 
out lung changes. 

A brief clinical survey of the clinical cases 
used in this study is given in order to facili- 
tate the clinical pathologic correlation. The 
weight and histologic appearance of the lungs 
are included. 

Case 1. A 46 year old man had a two-day his- 
tory of malaise, headache, and beginning dyspnea. 
On admission to the hospital, the patient was ap- 
prehensive and dyspneic. His course was rapidly 
downhill and he expired within 32 hours. At 
autopsy the right lung weighed 900 gm. and the 
left 650 gm. In both lungs the alveoli were filled 
with transudate and some macrophages and erv- 
throcytes (figure 1). The nervous system showed 
changes characteristic of poliomyelitis. 

Case 2. A 17 year old boy developed headache, 
backache, and stiff neck shortly before admission. 
Two days later his respirations became shallow and 
rapid and he developed paresis of all limbs. His 
course was rapidly downhill, with the development 
of almost complete paralysis of all respiratory 
muscles, dysphagia, and restlessness. In spite of 
all procedures, he continued to go downhill and 
died three days later. The lungs at autopsy showed 
an extreme degree of hemorrhagic edema, the right 
lung weighing 770 gm. and the left 970 gm. The 
nervous system revealed extensive changes char- 
acteristic of poliomyelitis. 

Case 3. A 34 year old man developed mild 
headache, malaise, and nuchal rigidity. When ad- 
mitted to the hospital he showed weakness of both 
arms and dyspnea. A tracheotomy was performed. 
The patient was maintained for six days when he 
suddenly developed increasing dyspnea and ex- 
pired. Both lungs on examination were very heavy 
and showed extensive hemorrhagic edema. The 
right lung weighed 1,325 gm. and the left 1,150 


Fic. 1. Section of lung from a 46 year old man with 
fatal poliomyelitis. Lung weighed 900 gm. The al- 
veoli are filled with h geneous tr date, a few 
macrophages, and some erythrocytes. 

Fic. 2. A 13 year old boy with fatal poliomyelitis. 
Lung weighed 165 gm. Alveoli are clear. 

Fic. 3. Normal cells of the dorsal motor nucleus of 
the vagus in a patient with bulbar poliomyelitis with- 
out pulmonary edema. The Nissl granules are fairly 
coarse and tend to be distributed peripherally. 


Fic. 4. Normal cells of the medial reticular substance 
of the medulla in a patient with bulbar poliomyelitis 
but without pulmonary changes. Niss] substance is 
finely granular and diffusely distributed throughout 
the cell body. 

Fic. 5. Marked round-cell infiltration within the dor- 
sal motor nucleus of the vagus. Many of the nerve 
cells are completely destroyed. Those still visible have 
lost most of their staining properties. 

Fic. 6. Medial reticular cells of the medulla in a patient with pulmonary edema. The cells are markedly swollen 
and ch tolytic. Some frag tion has occurred. 

Fic. 7. Medial reticular cells of the pons in a patient with pulmon edema. There are marked inflammatory 
changes replacing most of the tissue with destruction of the nerve cel 
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gm. The brain and spinal cord showed the typical 
changes of poliomyelitis. 

Case 4. A 39 year old man was admitted to the 
hospital with a six-day history of headache, vomit- 
ing, dysphagia, and beginning dyspnea. His clini- 
cal course was rapidly downhill and he expired 
within 24 hours of his admission. Pathologically, 
the lungs exuded a hemorrhagic edematous fluid 
on section. The right lung weighed 940 gm. 
and the left 630 gm. Study of the nervous system 
substantiated the diagnosis of poliomyelitis. 

Case 5. A 34 year old man had a three-day his- 
tory of nausea, restlessness, fever, and stiff neck. 
When first seen he had slight dysphagia but no 
dyspnea. He soon developed diaphragmatic and 
intercostal paralysis and was placed in a respirator. 
He continued to get worse and died three days 
after admission to the hospital. Examination of 
the lungs showed very extensive hemorrhagic pul- 
monary edema. The right lung weighed 1,140 gm. 
and the left 620 gm. The nervous system showed 
the characteristic tissue changes of poliomyelitis. 

Case 6. A 27 year old man had a one-day his- 
tory of fever, malaise, and dysphagia. Shortly after 
admission to the hospital he became unable to 
swallow even fluids and a tracheotomy was done. 
His condition showed no improvement. He soon 
went into shock and expired the day of admission. 
At autopsy both lungs were filled with a pale pink 
homogeneous material. The right lung weighed 
1,025 gm. and the left 870 gm. The nervous 
system revealed the characteristic changes of polio- 
myelitis. 

Case 7. A 34 year old man was admitted to the 
hospital because of vomiting and dysphagia for one 
day. During the next few days dysphagia increased 
and a tracheotomy was done. The patient appeared 
to be doing fairly well when he suddenly became 
cyanotic and expired. At autopsy the right lung 
weighed 520 gm. and the left 460 gm. Both lungs 
revealed extensive edema on microscopic section. 
The nervous system showed changes characteristic 
of poliomyelitis. 

Case 8. A 30 year old man first noticed weak- 
ness of the legs five days after an upper respiratory 
infection. The following day he had difficulty in 
respiration and was placed in a respirator. Within 
24 hours he went into shock and failed to respond 
to any treatment procedures. At autopsy the right 
lung weighed 520 gm. and the left 500 gm. Both 
revealed marked areas of edema. The nervous sys- 
tem showed the acute alterations of poliomyelitis. 


Case 9. A 28 year old man had a one-day his- 
tory of fever, stiff neck, and restlessness. Durin 
the next few days the patient got along well pe 
then suddenly developed respiratory difficulty and 
weakness of the legs. His course continued rapidly 
downhill, cyanosis appeared and the patient ex- 
pired on the fourth hospital day. At autopsy the 
right lung weighed 480 gm. and the left 510 gm. 
Both lungs showed large amounts of frothy bloody 
material on cut section. The nervous system re- 
vealed the typical changes of poliomyelitis. 


Case 10. A 33 year old man was seen because 
of paresis of the left arm and difficulty in breath- 
ing. His hospital course was rapidly downhill. He 
showed progressive weakness of all muscles, in- 
creasing dyspnea, and finally rapid cyanosis and 
death two days after admission. At autopsy the 
right lung weighed 1,200 gm. and the left 610 
gm. On cut surface abundant blood tinged fluid 
exuded. The nervous system findings were con- 
sistent with a diagnosis of poliomyelitis. 

Case 11. A three and one half year old boy 
was admitted to the hospital after ten days of fever 
and sore throat. On admission there was marked 
dysphagia and nasal speech. Tracheotomy was 
done. The child seemed to improve but on the 
sixth day he suddenly developed marked dyspnea 
and expired. The lungs at autopsy showed scat- 
tered areas of atelectasis. The right lung weighed 
120 gm. and the left 120 gm. The nervous system 
revealed typical changes of poliomyelitis. 

Case 12. A ten year old boy was admitted to 
the hospial because of vomiting, stiff neck, and 
difficulty in breathing. A tracheotomy was perform- 
ed and the patient appeared to improve. However, 
within a few hours he became cyanotic and ex- 
pired. The lungs on examination showed no edema, 
the right weighing 180 gm. and the left 170 gm. 
The brain and spinal cord revealed extensive alter- 
ations consistent with a diagnosis of poliomyelitis. 

Case 13. A 13 year old white boy was seen 
after a 12-day history of occipital headache, nausea, 
vomiting, and stiff neck. When seen in the hospital 
there was weakness of both arms and a slight 
nasal speech. The patient became restless and ap- 
prehensive and expired within 24 hours after en- 
tering the hospital. Examination of the lungs 
showed patchy areas of atelectasis, with the right 
lung weighing 185 gm. and the left 165 gm. (figure 
2). The nervous system showed the typical changes 
of poliomyelitis. 

Case 14. A four year old girl was admitted to 
the hospital because of headache, sore throat, and 
weakness of both legs. Shortly after admission she 
developed difficulty in breathing and was placed 
in a respirator. She got along fairly well until the 
eighth hospital day when she developed severe 
bulbar involvement and died. Pathologically, the 
lungs showed only scattered areas of increa 
consistency and some atelectasis. The right lung 
weighed 110 gm. and the left 130 gm. The nerv- 
ous system revealed findings characteristic of polio- 
myelitis. 

Case 15. A five year old girl was seen after 
three days of headache and fever. Shortly after 
admission to the hospital she developed dyspnea, 
dysphagia, and paresis of the limbs. The patient 
seemed to improve under treatment and apparently 
was gettting along well when she suddenly de- 
veloped dyspnea and expired. At autopsy the right 
lung weighed 115 gm. and the left 90 gm. Both 
lungs showed areas of atelectasis and a few areas 
of bronchopneumonia. The nervous system reveal- 
ed the typical changes of poliomyelitis. 
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PULMONARY EDEMA IN POLIOMYELITIS 


PATHOLOGIC STUDIES 


The histologic involvement in bulbar polio- 
myelitis consists of both diffuse interstitial-cell 
infiltration and neuronal damage. The nature 
and extent of these changes within the nerv- 
ous system in poliomyelitis has already been 
described in great detail.25-°7 It might be well 
to review the normal structures in these areas 
in order to facilitate the description of the 
lesions observed. 


Medulla 


Normal structure. The principal nuclear 
groups studied were the nucleus ambiguus, 
the dorsal nucleus of the vagus, and the retic- 
ular cells. The cells of the nucleus ambiguus 
are identical with the somatic motor neurons 
found in the spinal cord and any histologic 
alteration is readily determined. Involvement 
of these cells results in difficulty in swallowing 
and talking. 

The dorsal nucleus of the vagus is situated 
beneath the ala cinerea in the floor of the 
fourth ventricle. Its ventral border is placed 
between the nucleus of the tractus solitareous 
and the hypoglossal nucleus. It is composed 
of medium-sized cells with rather light-stain- 
ing cytoplasm and small discrete and fairly 
dense Niss] bodies which have a_ peripheral 
arrangement within the cell (figure 3). Many 
of the cells are smaller and tend to be fusiform 
in outline. This nuclear structure supplies 
motor fibers to the palate, pharynx, larynx, 
trachea, bronchi, esophagus, and _ intestinal 
tract, and impulses which depress heart action. 
Involvement of these nuclei bilaterally should 
result in tachycardia, as well as perhaps some 
disturbance in bronchovascular tone. 

The cells of the medullary reticular forma- 
tion may be divided into two groups on the 
basis of size. The large cells are present in the 
ventromedial reticular formation. This nuclear 
group is about 14 mm. long, extending from 
2 mm. caudal to the superior pole of the nu- 
cleus of the twelfth cranial nerve to the su- 
perior pole of the motor nucleus of the seventh 
cranial nerve in the pons. In the lower portion 
of the pons the cells are scattered between the 
midline and the seventh cranial nerve nucleus 
(figure 4). These cells apparently regulate cir- 
culation and their damage invariably produces 
clinical symptoms of vasomotor disturbance, 
such as irregular feeble pulse, low pulse pres- 
sure, fall of blood pressure, and terminal 
shock.25 

The small reticular cells are present through- 
out the reticular formation of the medulla, 


chiefly in the lateral and dorsal areas. Only 
a few of these cells extend into the pons. These 
cells regulate respiratory function and their 
involvement causes irregular rhythm and depth 
of respiration, periods of apnea, and finally 
cessation of respiration. 

Pathology. The histopathologic changes ob- 
served in the medulla of patients with and 
without pulmonary edema are listed in tables 
1A and 1B. Two striking differences are at 
once apparent in comparing the tissue changes 
in these two groups. In all cases with pulmo- 
nary edema there was very extensive damage 
to both the dorsal nucleus of the vagus, as well 
as to the medial reticular cells within the me- 
dulla. In all these cases the dorsal nucleus of 
the vagus showed a marked inflammatory re- 
action of a focal and diffuse type with an asso- 
ciated destruction of the nerve cells (figure 5). 
The cell damage varied from 30 to 90 per 
cent. In most cases over half the cell elements 
were completely fragmented, with only rem- 
nants of the cell body still visible. Many of 
the remaining cells were swollen and chromato- 
lytic. In contrast to this severe destruction 
were the minimal changes observed in those 
cases without pulmonary involvement (figure 
3). Here the dorsal nucleus of the vagus 
showed very little alteration, with a maximum 
of 10 per cent of the nerve cells being altered 
(table 1B). Inflammatory changes were mild 
or entirely absent. The nerve cells were totally 
uninvolved in two of the cases, and in the oth- 
ers showed only mild swelling or early Nissl 
changes in scattered cells. The relative spar- 
ing of these nuclear groups in the cases with- 
out lung changes as compared to those cases 
with pulmonary edema was most striking. 

Changes in the nucleus ambiguus did not 
differ in the two groups of cases. Although 
generally those cases with pulmonary edema 
revealed more intense alterations, some of 
these patients had as little as 5 per cent of 
the cells involved, while cases without pulmo- 
nary edema occasionally had as much as 25 

er cent of the nucleus ambiguus damaged 
(tables 1A and 1B). 

The cells of the medial reticular formation 
of the medulla showed a striking difference in 
the degree of damage in patients with pulmo- 
nary edema when compared to those without 
pulmonary changes. In the former, the cell 
damage was very severe in practically every 
case, the percentage of injured cells varying 
from 23 to 50 per cent. The cellular changes 
were very severe, consisting of cell fragmenta- 
tion, cellular swelling, and nuclear damage 


748 NEUROLOGY 


TABLE 1A 
PERCENTAGE OF CELL DAMAGE IN MEDULLA IN CASES WITH PULMONARY EDEMA 
peat Case No. 1. 2. 3. 4. 5. 6. 7. 8. 9 «10. 
Right dorsal nucleus of vagus 90 60 90 30 60 83 30 80 50 85 
Left dorsal nucleus of vagus 50 50 50 50 30 30 30 70 40 40 
Nucleus ambiguus 50 50 20 60 5 5 85 60 56 
Medial reticular cells ( vasomotor ) 50 23 43 31 40 48 24 45 50 35 
Lateral reticular cells (respiratory ) 52 27 37 31 79 36 39 50 5 8 
TABLE 1B lar damage within the large medial reticular 


PERCENTAGE OF CELL DAMAGE IN MEDULLA IN 
CASES WITHOUT PULMONARY EDEMA 


1. 2. 2. 


Right dorsal nucleus 


of vagus 0 5 10 5 0 
Left dorsal nucleus 

of vagus 0 5 10 0 0 
Nucleus ambiguus 0 5 25 5 0 
Medial reticular cells 

( vasomotor ) 14 0 0 28 32 
Lateral reticular cells 

(respiratory ) 27 58 25 37 25 


(figure 6) (table 1A). In those cases without 
pulmonary edema two showed no alteration 
within this nuclear group, and in the remain- 
ing cases the changes were mild and consisted 
chiefly of some swelling of the cell body and 
tinctorial alteration (table 1B). 

The lateral reticular cell group of the me- 
dulla revealed no differences in the degree of 
alteration between the two groups of patients. 
In both groups the cell changes were fairly 
extensive but rather inconsistent. In two cases 
with pulmonary edema this nuclear group 
showed almost no alterations, which would 
suggest that it probably plays little role in the 
problem of the pulmonary edema. 

Pons 

Normal structure. The principal nuclear 
groups within the pons consist of the motor 
nuclei of the fifth, sixth, and seventh cranial 
nerves, the reticular nuclei, and the tegmental 
nuclei. Only the reticular nuclei of the pons 
appear to be important to this study. The 
large cells of the ventromedial reticular for- 
mation are a continuation of the same cell 
group in the medulla and apparently play an 
important role in the regulation of circulation. 
The small cells of the lateral reticular nucleus 
are very few in number and apparently have 
little functional significance. 


cells in patients with and without pulmonary 
edema. Those cases with pulmonary edema 
revealed very extensive and severe alterations 
within these cell elements. In all but one case 
at least 20 per cent of the cells were de- 
stroyed (figure 7) (table 2A). In the single 
case that showed only slight damage to this 
nuclear group, the caudal portion of this cell 
group within the medulla revealed 31 per cent 
of the cells injured. In those patients without 
pulmonary changes, the medial reticular cells 
of the pons showed very little alteration, and 
in three cases no involvement of any type was 
observed (table 2B). 

The lateral reticular cells are confined chief- 
ly to the medulla and very few extend into 
the pons. This nuclear group, therefore, ap- 
pears to be relatively unimportant in the pons. 
The alteration within these cells showed no 
differences in degree or number between the 
two sets of patients. 

Hypothalamus 

The nuclear groups studied in this region of 
the brain consisted of the preoptic, supraoptic, 
paraventricular, and tuberal nuclei in the an- 
terior hypothalamus; the dorsomedial, ventro- 
medial, and lateral nuclei in the middle hypo- 
thalamus; and the posterior and mamillary nu- 
clei in the posterior hypothalamus. 

The neuronal changes in general consisted 
of acute swelling and diffuse or perinuclear 
chromatolysis. In cases of more severe involve- 
ment, the cell processes became fragmented 
and detached, leaving a rounded, swollen, 


TABLE 2B 
PERCENTAGE OF CELL DAMAGE IN PONS IN CASES 
WITHOUT PULMONARY EDEMA 


Case No. 11. 12. 13. 14. 15. 


Medial reticular cells 


Pathology. In the pons there was again a 
very striking difference in the degree of cellu- (respiratory ) 80 12 2 30 80 
TABLE 2A 
PERCENTAGE OF CELL DAMAGE IN PONS IN CASES WITH PULMONARY EDEMA 
Case No. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
Medial reticular cells ( vasomotor ) 30 25 3 24 20 20 40 20 50 
Lateral reticular cells (respiratory ) 50 16 24 12 80 22 50 0 5 
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TABLE 3A 
PERCENTAGE OF CELL DAMAGE IN HYPOTHALAMUS IN CASES WITH PULMONARY EDEMA 

ae ee Case No. 1. 2. s 4. 5. 6. 7. 8. 9. 10. 
Supraoptic 10 15 15 22 17 15 15 20 15 22 
Paraventricular 15 12 8 5 0 6 5 15 5 13 
Tuberal 0 8 5 0 0 5 5 5 0 12 
* Medial 10 6 6 0 5 5 17 10 12 16 
Lateral 0 5 5 10 5 0 15 15 5 16 
Posterior 10 6 5 0 12 0 0 10 0 0 
Mamillary 0 0 0 0 5 5 0 0 0 5 

light-staining cell, which was identified chiefly TABLE 3B 


by the still intact nucleus. Later, even the 
nucleus underwent changes, becoming eccen- 
trically placed, losing its staining properties, 
and eventually showing fragmentation, pyk- 
nosis, and extrusion from the cell. All the 
above changes are readily determined in the 
larger cells such as the supraoptic and the 
paraventricular nucleus. However, great cau- 
tion had to be exerted in a study of cell 
changes occurring in the smaller cells compris- 
ing the remaining cell groups. Mild changes 
such as dissolution of Nissl substance and ec- 
centricity of nuclei could not be relied on as 
definite evidence of cell injury. Only more 
extreme changes were accepted such as cellu- 
lar swelling, formation of ghost cells, pyknosis 
of the cell or its nucleus, fragmentation of the 
cell or its processes, or neuronophagia. Using 
these criteria, the changes observed in each 
of the ten cases with pulmonary edema are 
tabulated in table 3A and the alterations ob- 
served in the five control cases without lung 
changes in table 3B. 

A comparison of involvement of the hypo- 
thalamic nuclei in patients with and without 
pulmonary edema revealed no definite differ- 
ences between the two groups (tables 3A and 
3B). From a study of these nuclear changes, 
one could find no indication that damage to 
these nuclei played any role in the production 
of pulmonary changes. 

Cerebral Hemispheres 

Within the cerebral hemispheres, sections 
were removed and studied from the following 
areas: hippocampus, corpus cinguli, corpus 
callosum, inferior frontal gyrus, prefrontal area, 
superior parietal gyrus, inferior parietal gyrus, 
superior temporal gyrus, transverse temporal 
gyrus, inferior temporal gyrus, lateral occipital 
gyrus, and the calcerine gyrus. Clearcut and 
consistent changes were observed in all cases 
and consisted of both inflammatory and neu- 
ronal alterations. The inflammatory changes 
were mild and observed chiefly in the superior 
precentral area. Neuronal damage was much 
more striking but was limited to the large and 
medium pyramidal cells of the motor cortex. 


PERCENTAGE OF CELL DAMAGE IN HYPOTHALAMUS 
IN CASES WITHOUT PULMONARY EDEMA 


Case No. 11. 12. 13. 14. 15. 
Supraoptic 15 25 20 17 15 
Paraventricular 10 0 15 5 6 
Tuberal 0 0 8 6 0 
Medial 0 0 0 7 18 
Lateral 15 0 10 5 12 
Posterior 5 0 6 0 6 
Mamillary 5 0 0 5 0 


There was no difference in the degree or ex- 
tent of the changes within the cerebral hemi- 
spheres in those cases with or without pulmo- 
nary edema. None of these cases showed any 
pathologic evidence of cerebral edema and 
none had clinical evidence of increased intra- 
cranial pressure. 


DISCUSSION 


In spite of extensive experimental work, 
there is at present no accepted etiology for the 
so-called neurogenic pulmonary edema. Many 
theories have been proposed based primarily 
on the production of the edema by various 
experimental methods. In view of the pulmo- 
nary changes resulting from vagotomy, it has 
been suggested that the vagi offer strong para- 
sympathetic vasoconstrictor fibers to the pul- 
monary vessels. Vagus involvement, therefore, 
either peripherally, as in vagotomy, or cen- 
trally, as in medullary damage, produces a 
loss of bronchomotor tone and deprives the 
pulmonary vessels of mechanisms necessary in 
the adjustment of pulmonary vascular dy- 
namics.!119 In addition, tachycardia results, 
with failure of the heart to adjust to circula- 
tory changes and hence a mechanical rise in 
filtration pressure in the alveolar capillaries. 
This latter in the presence of poor broncho- 
motor tone, hence an absence of a compensa- 
tory rise in intraalveolar pressure, results in 
the edema. Although it is known that the 
blood vessels in the lungs are supplied with 
both parasympathetic and sympathetic nerve 
fibers,°.3! the actual problem of regulatory 

chanism for the pulmonary vascular bed is 
still unsettled, and there is considerable doubt 


750 NEUROLOGY 


about the importance of this regulatory mech- 
anism to the problem of pulmonary edema. 
Moreover, most of the evidence at the present 
time would seem to indicate that bilateral 
vagal destruction alone will not result in pul- 
monary edema as long as the airway is kept 
open. 

Sarnoff and Sarnoff,?° from their experiments 
on dogs, felt that medullary involvement may 
cause a stimulation of the cardiovascular cen- 
ters, with a resulting elevation of pulmonary 
and systemic arterial and venous pressures 
causing edema. They believed that the term 
“neurogenic” should be replaced by the term 
“neurohemodynamic pulmonary edema,” since 
the edema results from an increase in the rate 
of transfer of fluid from pulmonary capillary 
to the extravascular space of the lung by an 
increase in pulmonary capillary pressure, 
which in turn is brought about either directly 
or indirectly by nerve impulses. 

From our own studies, it is apparent that 
two distinct neurologic lesions are always nec- 
essary to result in pulmonary edema. These 
consist of destruction of 1) the dorsal nucleus 
of the vagus, and 2) the vasomotor centers 
within the brainstem. Damage to only one of 
these centers does not result in pulmonary 
changes. Involvement of the vagal centers 
may well produce a loss of bronchovascular 
tone, with an associated inability of these ves- 
sels to adjust to changes in pulmonary vascu- 
lar dynamics, and this loss may be an impor- 
tant factor in the subsequent development of 
pulmonary edema. However, it is our feeling 
that, in addition to the above possible factor, 
tachycardia in the presence of a damaged va- 
somotor center results in rapid onset of heart 
failure. This heart failure with its resulting 
increased pulmonary venous and capillary 
pressure probably is the single most important 
factor in the production of pulmonary edema. 
For this reason, involvement of the vasomotor 
centers in the medulla becomes a very essen- 
tial factor in the production of pulmonary 
changes. A brief outline of our concept of the 
etiology of pulmonary edema based on our 
pathologic findings is tabulated in table 4. 

The role played by the cerebral hemi- 
spheres in the production of cerebral edema 
was not clarified by our studies. Certainly 
changes in the motor cortex do not seem to in- 
fluence pulmonary physiology. The part that 
other brain areas might play in this process 
could not be determined from our studies, 
since in bulbar poliomyelitis most areas of the 


Dorsal NUCLEUS OF VAGUS VASOMOTOR CENTER 


Tachveardia 


Hypotension 


Decreased cardiac efficiency 
and increased O, consumption 


Pooling of bloc 


return 


Increased left atrial pressure 


HEART FAILURE 


Loss of bronchovascular tone 
Inability of vessels to adjust 
to vascular dynamics 


Increased pulmonary venous 
and capillary pressure 


PULMONARY EDEMA 
Table 4. 


cerebral hemispheres are not involved. Most 
of the experimental studies implicating the 
brain in pulmonary edema depend upon the 
production of increased intracranial pressure, 
and it might be suggested that the resulting 
pulmonary changes may be due to the referred 
effects of the increased pressure upon the me- 
dullary centers rather than upon the cerebral 
hemispheres themselves. 


CONCLUSIONS 


1. A detailed histopathologic study was 
made of the nervous system of ten fatal cases 
of bulbar poliomyelitis with extensive pul- 
monary edema and five cases without lung 
changes, in an attempt to determine whether 
specific neurologic lesions might be responsible 
for the pulmonary edema. 

2. All cases with pulmonary edema revealed 
extensive damage to both the dorsal nuclei of 
the vagus and to the medial reticular nuclei 
(vasomotor) of the medulla. Pulmonary edema 
did not result from involvement of only one of 
the above cell groups. The control cases with- 
out pulmonary edema did not reveal this same 
consistency of damage to these two nuclear 
groups. 

3. It was felt that the most important factor 
in the production of this neurogenic type of 
pulmonary edema was the resulting heart fail- 
ure produced by 1) tachycardia and decreased 
cardiac efficiency due to vagal damage, and 2) 
vasomotor collapse secondary to involvement 
of the vasomotor center. This resulting heart 
failure produces increased left atrial pressure, 
with a subsequent increased pulmonary venous 
and capillary pressure and finally edema. 
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@ Vesalius was the most celebrated anatomist of his time. He took great pains in 
endeavouring to detect and expose the errors, and to detract from the reputation, of 
Galen, to whom the medical world had looked up for many centuries. He not only 
calls in question the anatomical knowledge of Galen, but states his firm belief that 


that celebrated person had never dissect 


the human subject, but had obtained what 


knowledge he possessed by the examination of the bodies of apes and other brute 


animals. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Reading Epilepsy 


A. Bingel, M.D. 


Seizures are rarely produced by exogenous 
factors alone. In cases of so-called musico- 
genic epilepsy, a sound, music, or sometimes 
only a certain melody may precipitate an epi- 
leptic attack. Critchley! in 1937 reviewed the 
literature of such cases and added 11 interest- 
ing ones from his own observations. Other 
patients have attacks solely upon activation 
with light, either bright light or flicker light. 
The precipitation of organic convulsive attacks 
by reading will be emphasized in this commu- 
nication. Bickford? mentioned such a_possi- 
bility and referred to investigations in which 
patients reported that prolonged reading gave 
rise to an attack, usually consisting of gener- 
alized convulsions preceded by an aura of 
“clicking” or movement of the jaw. Our own 
observations of epileptic seizures provoked by 
reading consist of three cases offering a num- 
ber of interesting problems. 

Case 1. On May 9, 1950 a 21 year old soldier 
was admitted to a U.S. Army Station Hospital in 
Georgia. There was a history of grand mal seizures 
for the previous year and a half. All seizures oc- 
curred while he was reading. The patient described 
the sequence of events as follows: “While reading 
I suddenly come to a certain point where I begin 
to stutter and am not able to read any further; 
shortly thereafter I lose consciousness and have a 
seizure involving both arms and legs.” Such a 
seizure usually lasted for five to ten minutes and 
was followed by lethargy and confusion. No fecal 
or urinary incontinence was ever noticed and the 
patient did not injure himself or bite his tongue. 
There was no history of injury to the head or the 
vertebral column. Physical and neurologic exam- 
inations during this first hospitalization did not 
reveal any abnormalities. After a short observa- 
tion, the patient was transferred to Walter Reed 
Army Hospital in Washington, D.C. where the 
physical examination was again normal, as were 
routine blood studies, fasting blood sugar, urinaly- 
sis, and chest and skull roentgenograms. The 
routine electroencephalogram was normal; how- 
ever, under Metrazol activation an abnormal elec- 
troencephalogram showed a petit mal type pat- 
tern, most pronounced in both frontal and parietal 
areas. After injection of 425 mg. of Metrazol the 
patient had a grand mal seizure. Since the seiz- 
ures were apparently well controlled on Dilantin 
and phenobarbital, he was returned to duty with 
a diagnosis of epilepsy, grand mal, mild, cause 
undetermined. 

In August 1950 the patient was admitted to 
the neurology service of Brooke Army Hospital 
for evaluation. He wanted to re-enlist, but could 
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not be accepted with a diagnosis of epilepsy. He 
gave the same history as before, adding that he 
had the first seizure one night while lying in his 
bed reading for 30 to 45 minutes. He related that 
he suddenly came to a word where he had to sto 
reading, because he could not get over the oan 
even though it was not a difficult one. He stut- 
tered or stammered and this recurred several times 
until he suddenly lost consciousness and went into 
a seizure. In this episode, and also in several later 
instances, he read aloud; on several other occa- 
sions he also provoked a seizure by silent reading. 

The patient was a well developed white male. 
He was oriented, alert, and cooperative. Both phys- 
ical and neurologic examinations did not reveal 
any significant abnormalities. Laboratory exam- 
inations showed negative blood and urine studies. 
Roentgen examinations of chest and skull were 
normal. A spinal puncture revealed normal pres- 
sure, clear fluid with no cells, 68 mg. sugar per ml., 
690 mg. chlorides per ml., 76.5 mg. per ml. total 
protein, a flat gold curve, and a negative comple- 
ment fixation reaction in all dilutions. A repeated 
spinal fluid examination about one month later 
showed 76.5 mg. per ml. total protein and other- 
wise normal results. An awake electroencephalo- 
gram on es 16, 1950 revealed a mildly disor- 
ganized and irregular tracing, with a dominant 
rhythm of 10 to 11 per second medium voltage 
activity in all leads. There were no true focal 
or paroxysmal signs and hyperventilation pro- 
duced only a slight build-up. The sleep record, 
however, was interpreted as abnormal, suggestive 
of a convulsive disorder, grand mal type, without 
focal signs. 

During the course in the hospital the patient 
was seen on many occasions for further neurologic 
evaluation and these examinations were consistent- 
ly negative. The only persistent abnormal labora- 
tory findings were an elevated spinal fluid protein 
record. On November 10, 1950 it was decid 
that a “reading trial” should be made. The pa- 
tient was given an article from a current maga- 
zine, which he began to read loudly and fluently 
while sitting in a comfortable chair. After two 
minutes of reading, slight hesitation and stam- 
mering were noticed. After three minutes the pa- 
tient again stammered for a few seconds but then 
continued reading. This was repeated after five 
and six minutes of reading. Seven minutes after 
the beginning of reading he suddenly dropped his 
book, leaned backward in the chair, and stretched 
out both legs. The facial color became pale; then 
tonic contractions in both arms and legs appeared 


From the department of neuropsychiatry, Brooke Army 
Hospital, Brooke Army Medical Center, Fort Sam Houston, 
Texas. 
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READING EPILEPSY 


simultaneously, with complete loss of conscious- 
ness. After five seconds + tonic phase was fol- 
lowed by clonic movements involving the facial 
muscles and the arms and legs equally. The color 
of the face became progressively more cyanotic. 
After about three minutes the clonic phase ended 
and was followed by a period of deep sleep with 
stertorous breathing. During this period the ex- 
tremities were flaccid. During the seizure ee 
lary reactions to light were diminished; a Babinski 
sign could not be elicited. After about ten min- 
utes the patient began to show the first reactions 
to external stimuli. 

On November 20, 1950 the reading test was 
repeated; a tape recording of the reading and a 
moving picture of the ensuing grand mal seizure 
were made. On this date, however, it took 45 
minutes of reading before a grand mal attack was 
precipitated. The patient again expressed his 
willingness to cooperate in a third reading test 
which was done in the electroencephalographic 
laboratory. He read for about 50 minutes with- 
out stammering or stuttering, no abnormal record- 
ings could be obtained, and there was no seizure. 
On his way back to the ward, the patient stated 
that during this last test he became afraid of hav- 
ing another seizure and that he tried very hard 
to avoid the attack. He already knew how to do 
that, namely by reading absolutely mechanically 
and without any inner participation in the con- 
tent of the material read. No other attempt at 
provocation was made thereafter. 

A pneumoencephalogram was done on Novem- 
ber 28, 1950. It showed normal air-filling of the 
entire ventricular system and the subarachnoid 
em with no evidence of abnormal defect or 

isplacement. Psychologic testing on November 
14, 1950, including administration of Wechsler- 
Bellevue test, Bender Motor Gestalt test, Minne- 
sota multiphasic test, sentence completion test, 
Rorschach method, and Goldstein-Scheerer test, 
indicated that basically the patient was of average 
intelligence, with some further indication of mild 
organic impairment. Thought processes functioned 
at a concrete level, with marked emphasis on de- 
tails and disregard of more abstract or general 
concepts. The mode of thinking showed no ca- 
pacity of originality. Emotionally, the records 
showed definite flatness or dullness with constric- 
tion of behavior. While there was slight evidence 
of immaturity and impulsivity, there was also evi- 
dence of strong repressive control. No evidence 
of warm relationship with other human beings was 
found. In addition, there were minor but consis- 
tent indications of borderline organicity: perse- 
veration, perplexity, and unsureness. A sodium 
Amytal interview revealed that the patient did not 
have any recollection of the events during a seiz- 
ure. 

An attempt was made to provoke an epileptic 
seizure by prolonged writing to dictation, but this 
attempt was unsuccessful. It should be men- 
tioned that an attack could never be induced by 
speaking or any activity other than reading. 
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The patient was discharged from the hospital 
after having met a physical evaluation board which 
considered him unfit for military duty. He was 
placed on anticonvulsant medication with Dilantin 
100 mg. and phenobarbital 32 mg. each three 
times daily. It was not possible to examine the 
wees again, but frequent contacts were made 
y mail. In July 1953, for instance, the patient 
reported that he had discontinued phenobarbital 
and Dilantin treatment, since taking the medica- 
tion for more than one year did not seem to be 
of any benefit. At that time he had restricted his 
reading and thus did not have a seizure for about 
one year. He worked steadily in a mill. In July 
1955 he reported that for a time he had tried to 
read but had recurrent seizures and therefore had 
to again restrict reading to a minimum. He con- 
tinued working regularly and did not have any 
other complaints. 

Case 2. A 19 year old soldier reported that he 
had his first seizure in September 1955 while rid- 
ing on a bus and reading a novel. It was around 
noon when he lost consciousness and afterward 
his tongue felt sore. The second attack occurred 
one night in January 1956, shortly after midnight 
while he was lying on his bed reading. He had 
a sudden sensation that everything would stop 
and at the same time he felt as if he would swal- 
low his tongue. He thinks that he subsequently 
had a grand mal seizure, associated with tongue 
biting, But without loss of bladder control. One 
night in March 1956, while he was again reading, 
the third attack occurred. He had a vague fore- 
warning and stopped reading. He soon felt better 
and continued reading, but after a few minutes 
went into a grand mal seizure in which he fell out 
of bed and bit his tongue. During the latter — 
of May 1956, while stationed in Iceland, he had 
a fourth seizure while lying in his bed reading. 
He again had a certain forewarning, a sensation 
that he would swallow his tongue; then he had 
a grand mal seizure which was observed and de- 
scribed by a medical officer. 

All these seizures occurred while the patient was 
reading and only after prolonged reading of one 
to two hours. Reading was not always followed 
| an epileptic attack and at times he could read 
all afternoon without having any forewarning 
symptoms and without e riencing a seizure. At 
other times he read pag a few minutes, then 
had a forewarning which caused him to stop read- 
ing; thus, he was able to avoid the attack. There 
was no specific type of literature that precipitated 
a seizure. After a seizure he did not read for sev- 
eral days for fear he might thereby produce an- 
other one. Watching a moving picture or tele- 
vision did not provoke a seizure, nor did writing, 
talking, or listening to music. In all seizure oc- 
currences the patient remembered a marked loss 
of sleep the preceding night. To avoid seizures 
the patient as a general rule did not read longer 
than 30 to 45 minutes and he especially avoided 
reading at night in his bed. 
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Asked again about the forewarning symptoms, 
the patient stated that it could be a sensation 
like a hammering of the heart, a twitching or 
quivering of the tongue with a feeling as if the 
tongue would go up to the roof of the mouth. 
Thereafter his vision was often blurred for one 
or two seconds and everything stopped—thinking 
and reading. Before the seizure he often tried to 
say a word but was unable to do so and then he 
had a convulsion. After an attack he felt sleepy 
and sore in all his joints. In January 1956 he took 
“capsules” for a few days. Whenever he felt 
that he might have an attack he took a pheno- 
barbital tablet. 

The patient was admitted to the neurology 
ward of Brooke Army Hospital in July 1956. The 
physical examination, including a thorough neu- 
rologic evaluation, did not reveal any significant 
findings. Chest and skull roentgenograms were 
negative. A spinal puncture a normal pres- 
sure, clear fluid with normal cell count, normal 
total protein, a normal gold curve, and a negative 
cardiolipin test. An arteriogram showed a normal 
internal carotid vascular system bilaterally; a pne- 
moencephalogram revealed a slight dilatation of 
the ventricular system which was more pronounced 
on the left. 

The first electroencephalogram showed several 
bursts of three per second spike-and-dome com- 
plexes in all left leads during drowsiness. A single 
burst of six per second positive spikes appeared 
on the right. Some spike-like activity also occurred 
in both temporal leads. A second electroencepha- 
logram showed an amplitude asymmetry between 
the left and right occipital leads, the high voltage 
waves being more prominent on the right. Photic 
stimulation did not produce photic driving. Dur- 
ing reading aloud a disappearance of alpha rhythm 
with replacement by muscle potentials was noted. 

Case 3. A 23 year old sergeant, seen in the 
neurology clinic of Brooke Army Hospital in 
August 1953, gave a history of six previous grand 
mal seizures since the fall of 1949. Two of these 
seizures occurred after prolonged reading and four 
after playing cards for several hours. The patient 
reported that he could read or play cards for one 
cr two hours without any difficulty, but continuing 
for a longer period of time provoked a sensation 
of spots before his eyes, blurred vision, and a feel- 
ing that he would “pass out.” In each of these 
six instances, he had actually lost consciousness 
and had a seizure. According to the patient’s de- 
scription, the seizures seemed to be typical grand 
mal attacks without focal features. In one of these 
attacks he bit his tongue and lost bladder control. 
The patient thought that the prolonged and in- 
creased mental concentration caused his seizures. 
In both instances he read “true” or “adventure” 
stories when he had a seizure. He had had be- 
tween two and four bottles of beer in two of four 
instances when a seizure was precipitated by 
prolonged playing of cards. In all cases he had 
smoked a number of cigarettes prior to the seizure. 
The general physical and neurologic examina- 


NEUROLOGY 


tions of this well developed man were normal. 
Roentgenologic findings of chest and skull were 
normal. It was not possible to do a spinal punc- 
ture. The eiectroencephalogram was normal while 
awake, but during sleep the record was abnormal, 
with one burst of six per second positive spikes in 
the right temporal area and one petit mal type 
burst in both frontal and parietal areas. The pa- 
tient was placed on Dilantin medication, 100 mg. 
three times a day, and two 32 mg. tablets of 
phenobarbital at bedtime. He was seen for a few 
follow-up visits at monthly intervals. It soon be- 
came apparent that he did not take his medicine 
regularly, because he felt very well and did not 
have any attacks as long as he avoided prolonged 
card playing and reading. 


DISCUSSION 


There seems to be no doubt that seizures 
were precipitated by reading in all three cases. 
In the seizures no focal signs were seen. No 
evidence of focal origin was elicited in the 
neurologic examinations or electroencephalo- 
grams. 

There may be two distinct types of reading 
precipitation, namely a precipitation after a 
short period of reading as in most episodes of 
case 1, or after prolonged reading as in cases 
2 and 3. Whether there are quantitative dif- 
ferences in intensity of the provocative stim- 
ulus or additional irritating factors, such as 
fatigue, will be discussed later. 

It is interesting to consider the possibilities 
of the underlying mechanism of precipitation 
in these cases. Bickford? suggested a visual 
stimulus and this certainly is a good possi- 
bility, considering the fact that during reading 
the eyes perform saccadic lateral movements 
with fixational pauses.** During quick lateral 
eye movements no visual perception is possi- 
ble, and this interrupted visual stimulus dur- 
ing reading may be similar to photic stimula- 
tion. We know, furthermore, that reading with 
increased attention may produce a higher num- 
ber of fixational pauses or perhaps a stronger 
cortical irritation.’ This factor seems to be of 
special interest in that the first patient more 
readily had a seizure whenever he read with 
greater attention on the basis of a higher, now 
critical and driving photic frequency. Per- 
haps in our first case the pre-ictal arrests of 
reading were a stop of the saccadic eye move- 
ment, caused by an increased duration of a 
fixational pause in which no further reading 
was possible. The patient himself once stated 
that his eyes stopped at one word and he could 
not see the following words. 

It should be remembered that disturbances 
of reading can be part of an aphasic symp- 
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tomatology and, therefore, reading epilepsy 
might belong to the group of so-called aphasic 
seizures. The similarity of our first observa- 
tion with the case A.R. described by Penfield 
and Jasper® is rather apparent. Their patient 
showed a “sudden inability to understand the 
printed word and an inability to find words he 
needed to express his meaning. While reading 
he might suddenly fail to understand in the 
midst of a sentence. He habitually tried to 
re-read the sentence several times and then it 
would occur to him that this was an attack 
and he would sit back to wait for the condition 
to pass off.” The difference, however, between 
this and our observations is also obvious. In 
the case of A.R. aphasia was the only manifes- 
tation of the epileptic attack, and in our cases 
the reading difficulty was a true prodroma and 
not a part of the subsequent generalized con- 
vulsive seizure. It seems unlikely that there 
is a specific relationship between these three 
cases and aphasic seizures. Speaking never 
produced an attack in our three cases. It 
should also be mentioned that Gordon’ in 
1928 published an observation of precipita- 
tion of a grand mal seizure by writing. While 
writing to dictation, this patient continued 
making errors before he fell off his chair and 
convulsed. It was not possible to duplicate 
this kind of precipitation and the patient had 
more seizures without writing. In our cases 
writing had no activating influence. 

Reading could be a rather specific stimulus 
which would be able to precipitate a severe 
irritative response from a functionally related 
cerebral structure or focus. We are reminded 
that optic, acoustic, olfactory, or gustatory 
stimuli in animal experiments can provoke a 
seizure-like attack if there are lesions in cor- 
responding cerebral centers.5 A sensitive cor- 
tical area, due to an organic lesion, can be in- 
duced by a specific stimulus to produce a 
strong irritative response which, by centren- 
cephalic stimulation, may initiate a general 
seizure discharge. A cerebral reading center, 
however, is still hypothetical, and the clinical 
correlation of these three cases did not reveal 
signs of a focal cerebral lesion. It should be 
kept in mind that the possibility of a slowly 
growing intracranial mass cannot be completely 
excluded in these cases, even though pneumo- 
encephalograms, arteriograms, an electroen- 
cephalograms were done. In the first case an 
elevated cerebrospinal fluid protein was noted, 
but further observation extended over a period 
of more than five years. 

If an underlying organic localized cerebral 
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lesion cannot be revealed in our cases, it must 
be assumed that there is at least some altera- 
tion of the activity of the cerebral neurons 
which is the basis of the epileptic predispo- 
sition. In such a case it may be presumed 
that reading is a specific trigger mechanism 
which sets off an epileptic seizure. A final 
decision about the method of this precipitation, 
whether optic or aphasic or through a cerebral 
reading center, is not possible at this time. A 
disturbance within the optic pathways, how- 
ever, seems to play an important role. 

There are a few more interesting signs or 
symptoms to be mentioned from these obser- 
vations. This is a special group of epileptic 
patients who are not only reacting to a spe- 
cific stimulus alone, but who are also asymp- 
tomatic as soon as this stimulus is avoided. For 
this reason it is postulated that these cases 
should be grouped in a special category of 
epilepsies which would include many cases of 
musicogenic epilepsy, a certain number of 
photogenic epilepsies, and perhaps even writ- 
ing epilepsies. We would call them “exo- 
genously precipitated epilepsies,” and add that, 
after a number of primary experiences, the pa- 
tient will soon learn to avoid the overt mani- 
festation of his epilepsy. In addition, it is in- 
teresting to note that the first case was able to 
suppress an epileptic seizure by reading with- 
out attention or inner participation in the con- 
tent of the material read. This suppression of 
attacks by mechanical reading points to in- 
volvement of the highest level of neuronal in- 
tegration. Critchley’s case 3 had a very simi- 
lar experience; he would hear music without 
listening to it and no attack would follow. 

Finally, it may be stressed that two groups 
of reading epilepsies can be distinguished: 
one with a short latency of five to ten min- 
utes, the other with a longer latency of more 
than 30 to 40 minutes. The former type is 
rare; we saw only one case in five years among 
a large number of young epileptics. In the 
latter group it is apparent that fatigue plays 
an important role in facilitating the brain for 
the specific stimulus and thereby lowers the 
convulsive threshold. 

The prognosis of these conditions is not suf- 
ficiently known; since seizures can be avoided, 
one would think that the over-all prognosis 
is good. In this connection, it might be worth- 
while to recall that one of Critchley’s patients 
with musicogenic epilepsy (case 7) lost his 
susceptibility toward music and finally was 
able to attend concerts during the last ten 
years of his life. 
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SUMMARY 


Three cases are described in which organic 
convulsive attacks of grand mal type were pre- 
petra by reading. In one case the period 
of reading was rather short and in two other 
cases epileptic attacks were provoked after 
prolonged reading. In these latter observations 
an additional factor, namely fatigue, probably 
played an important role. Reading epilepsy 
apparently belongs to a special group of epi- 
lepsies which depend on a specific precipitat- 
ing factor, similar to musicogenic epilepsy, 
certain cases of photogenic epilepsy, and per- 
haps writing epilepsy. It is suggested that this 
group should be called exogenously precipi- 
tated epilepsies. 

The characteristic features of this group 
are as follows: 

1. An underlying susceptibility to seizures 
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without true focal signs must be assumed (pre- 
disposition ) . 

2. Precipitation by a specific factor, such as 
reading; in other cases by music, light, writing, 
even by smelling and tasting. 

3. Cases of reading epilepsy with longer 
latency are preceded by lack of sleep and by 
fatigue. 

4. By actively decreasing attention or par- 
ticipation toward or in the content of the pre- 
cipitating factor, a possibility of suppressing 
such seizures exists. 

5. Anticonvulsant medication is usually in- 
effective. 

The possibilities of the mechanism of pre- 
cipitation are discussed. It is thought that a 
lesion within the optic pathways could be an 
important pathogenic factor in reading epi- 
lepsy. 


6. Penrretp, W., and Jasprr, H.: Epilepsy and the 
Functional Anatomy of the Brain. Boston: Little, 
Brown and Co., 1954, pp. 368. 

7. Gorvon, R. G.: Case of Epilepsy Illustrating Loss of 
Cortical Control over Lower Functions. J. Neurol. & 
Psychopath. 8:241, 1928. 

8. Crementi, A.: Epilesia da Strycninizzazione della 
sfera corticale visiva e della sfera corticale uditiva del 
cervello del cane. Bull. Acad. Med. Roma 55:145, 
1929. Stricninizzazione del lobo piriforme (uncus) 
del cervello del cane ed epilessia riflessa da_stimoli 
olfattivi. Boll. Soc. ital. biol. sper. 4:934, 1929. 


@ Dr. Cullen considers epilepsy as a genus of the order, spasmi, and divides it into 
the idiopathic and symptomatic; the first including three species, the cerebralis, the 
sympathica, and the occasionalis; the second containing a great number of species, 
according to the various diseases with which it may be connected, or by which it 


may have been caused. 


The first species of idiopathic epilepsy, the cerebralis, arises suddenly, without any 
mainfest cause, and is not oneal by any troublesome sensation, except perhaps 
vertigo or scotomia; the second, the sympathica, also arises without any manifest cause, 
but it is preceded by the sensation called the aura epileptica, proceeding from some 
part of the body, and ascending towards the head; and the third, the occasionalis, is 
produced by some evident irritation, and ceases on the removal of that irritation. 
The symptomatic epilepsies, as above mentioned, receive their names from the dis- 


eases to which they are related. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 


I 
( 
\ 
‘ 
7 
{ 


Observations Upon Responses to Digital 


Carotid Artery Compression 


In Hemiplegic or Hemiparetic Patients 


J. E. Webster, M.D. and F. S. Gurdjian, M.D. 


DuRING THE PAST YEAR digital carotid com- 
pression tests have been added to our routine 
measures employed in a neurologic examina- 
tion. This maneuver is carried out with the 
patient in a sitting position, either upon a bed 
or examining table. Standing at the side of the 
patient for compression, the examiner then uses 
his second, third and fourth fingers to com- 
press the carotid bulb against the spine to 
produce gradually a total occlusion. Com- 
pression is continued depending upon the pa- 
tient’s response. The right and then the left 
carotid is compressed. The pulse is recorded 
by an assistant during the period of compres- 
sion. It is essential in the test that the carotid 
bulb be compressed and that occlusion of both 
the external and internal carotid arteries be 
complete. One hundred patients with hemi- 
plegia or paresis due to various causes were 
tested by digital carotid bulb compression and 
the responses analyzed for this report. Simul- 
taneous electroencephalograms and electrocar- 
diographs were made upon many patients, as 
well as movies for analysis of the responses. 


TYPES OF RESPONSES TO DIGITAL 
CAROTID BULB COMPRESSION 


The responses to digital carotid compression 
were correlated with the individual neuro- 
logic, angiographic, pneumoencephalographic 
studies, and operation or autopsy. 

The responses in summary were: 

1. Temporary unilateral digital carotid com- 
pression in normal patients had no effect ex- 
cept for discomfort from the neck pressure. 
Syncopal Responses 

2. Occasionally compression resulted in an 
abrupt cardiac asystole due to stimulating a 
“sensitive carotid sinus.” The patient imme- 
diately lost consciousness and simultaneous 
clonic convulsive movements occurred. The 
cardiac responses can usually be abolished by 
intravenous administration of atropine sulfate 
gr. 1/100. 

3. Contralateral carotid compression result- 
ed in syncope in patients with partial or com- 
plete occlusion of the carotid artery of recent 
origin. This syncope is quite similar to that 


associated with the cardiac asystole induced 
by a neural mechanism, termed previously 
the “cerebral type” of irritable carotid sinus 
response. After compression is applied, the 
susceptible patient usually develops an_ in- 
creased respiratory rate, pallor, dizziness, blur- 
ring of vision with convulsive movements, and 
then syncope. Recovery to normal is rapid 
upon releasing the compression and_ placing 
the patient in a recumbent position. In pa- 
tients with carotid occlusions, however, there 
is usually neither a major fall in the periph- 
eral blood pressure nor prolonged asystole of 
the heart, although cardiac slowing often oc- 
curs. There is a pronounced fall in the cere- 
bral blood pressure (figure 1). 

4. In some patients both a “sensitivity” of 
the carotid sinus and a carotid insufficiency 
may co-exist with syncope occurring as in 2. 
When atropine gr. 1/100 is administered in- 
travenously, syncope still occurs but without 
heart block as in 3. 

5. In patients with basilar artery occlusion 
with hemiplegia or hemiparesis, syncope was 
produced by compression of either the right 
or left carotid artery. 

6. In patients with both right and left ca- 
rotid insufficiency, compression of either ca- 
rotid also resulted in syncope, thus producing 
the same type of response as in 5. 

7. Patients having an occlusion of the an- 
terior cerebral artery, with or without a hemi- 
plegia or hemiparesis, usually develop syn- 
cope when the contralateral carotid is oc- 
cluded. 

Non-syncopal Responses 

8. Hemiplegic or paretic patients did not 
respond by syncope when the middle cerebral 
trunk artery was occluded. The paralysis was 
usually of a severe degree in these patients. 

9. There was found to be a group of pa- 
tients with recent (and chronic) hemiplegia 
having normal angiographic studies who did 
not develop syncope upon carotid compres- 
sion (similar to the patient with an occlusion 
of the middle cerebral trunk artery). 


From the Wavne State University Neurosurgical Service, 
The Grace and Memorial Hospitals, Detroit, Michigan. 
This study aided by the Kresge Foundation. 
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Fic. 1. Continuous blood pressure recorded from the carotid artery in a patient having an acute ligation of 
one carotid artery (for aneurism). Note fall in pressure to 50 mm. after ligation. When the contralateral 
carotid artery was occluded by digital compression, the intracarotid pressure fell to 10 mm. and the patient 
developed syncope. (After 7 days this patient then developed tolerance to contralateral compression even in 
the upright position.) Normal brachial pressure (Cuff) 140/80. 


10. In patients with hemiplegia or hemi- 
paresis due to a brain tumor or mass lesion, 
degenerative, inflammatory disease, or trauma, 
syncope usually did not occur upon contra- 
lateral carotid compression. 


SAFETY 


Care is taken during digital compression 
of the carotid to stop the occlusion at the 
earliest sign of syncope or of convulsive move- 
ments. The symptoms of increased respira- 
tions, dizziness, faintness, blurring of vision, 
and twitching movements warn that syncope 
may follow. At the first sign of loss of con- 
sciousness the patient is placed in the supine 
position. Usually, compression for 10 to 20 
seconds is required before syncope occurs from 
the induced acute cerebral vascular ischemia. 
An immediate onset of syncope (5 seconds) 


usually indicates a “sensitive carotid sinus,” 
which is much less common than the delayed 
type of syncopal response due to a vascular 
occlusion (10 to 30 seconds). 

Within our experience, one patient devel- 
oped an increased degree of paralysis 12 hours 
after compression tests were made; another 
had electrocardiographic evidence of increased 
coronary damage. No other serious complica- 
tions have been encountered. Caution, how- 
ever, is used in performing the tests. 


CORRELATION OF TESTS IN PATIENTS WITH 
HEMIPLEGIA AND HEMIPARESIS 


In general, the response to digital carotid 
compression was found to vary depending 
upon the cause for the hemiplegia or hemi- 
paresis. Syncope nearly always occurred when 
recent occlusive disease of the carotid, basilar, 
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Fic. 2 and 3. Example of angiographic patterns in — with complete (2) or partial (3) carotid artery 
occlusion. Contralateral digital carotid p may prod syncope with convulsive movements in the 
recent hemiparetic or hemiplegic patient caused by these lesions. 

Fic. 4 and 5. Example of anterior cerebral artery occlusion. Contralateral digital carotid artery compression 
usually results in syncope. (Hemiplegia or hemiparesis may not be present although it was in the patients 
in this analysis. ) 
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or anterior cerebral artery was responsible for 
the neurologic state, but not when the middle 
cerebral artery or its branches were involved. 
Syncope did not occur in patients whose neu- 
rologic deficits were due to inflammatory or 
degenerative diseases, trauma, or a mass lesion, 
aes an associated cerebrovascular insuffi- 
ciency or “sensitive carotid sinus” was pres- 
ent. The promptness of development of the 
loss of consciousness in patients with cerebro- 
vascular occlusions depended upon the degree 
of collateral flow which had been or could be 
established (figures 2 and 3). 

Elderly patients with generalized athero- 
sclerosis who sometimes responded to com- 
pression by syncope still blero a mass le- 
sion. This was found in six instances. The 
existence of increased intracranial pressure 
suggests a pathophysiologic basis for syncope. 
In these patients either ipsilateral or contra- 
lateral carotid compression may reduce the 
intravascular pressure to a degree that the 
extravascular pressure due to the tumor pro- 
duces major arterial occlusions, thus diminish- 
ing blood flow to brainstem centers. 

A “sensitive carotid sinus” may complicate 
interpretation of the response to carotid com- 
pression. When suspected, a simultaneous elec- 
trocardiogram before and after atropinization 
may be helpful. Atropine may prevent the 
cardiac asystole and thus the syncope from the 
sinus stimulation. If the syncope still occurs 
following atropinization without asystole, then 
occlusive disease is probable. 

The observation has been made frequently 
that the patient with a unilateral anterior cere- 
bral artery occlusion (both with and without 
paralysis) may develop syncope upon com- 
pression of the contralateral carotid bulb. Since 
the distal portion of the occluded vessel often 
filled by angiographic injection from the op- 
posite side, this was earlier thought to be an 
artifact or technical abnormality (figures 4 
and 5). 

Syncope was found to occur upon both right 
and left carotid compression in patients with 
occlusion involving the basilar artery. Quadri- 
plegic or paretic signs were usually present 
with ophthalmologic disturbances among those 
patients with basilar artery involvement. Only 
a few patients in this class, however, have been 
tested (figures 6 and 7). 

When the hemiplegia or hemiparesis was 
due to an occlusion of the middle cerebral ar- 
tery trunk, with few exceptions, syncope did 
not occur. An exception was one patient hav- 
ing, in addition, an anterior cerebral artery oc- 
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clusion on the opposite side. Also, syncope did 
not occur in some patients with recent and 
chronic — who presented “normal” 
angiograms of the major cerebral vessels and 
the carotids. The possibility of embolic phe- 
nomena with dissolution of the embolus or 
generalized small artery involvement by ar- 
teriosclerosis may explain the findings in this 
group (figures 8 and 9). 

It has been noted that the reaction to the 
first compression test is maximal. Thereafter, 
moderation of the response occurs until syn- 
cope may not develop as the circulation is 
conditioned by the compression. In carotid 
artery thrombosis, tolerance to contralateral 
compression may develop over a period of sev- 
eral months. There were three examples of no 
syncopal responses in chronic carotid occlu- 
sions. Patients having had a ligation of the 
carotid artery for an aneurysm may not im- 
mediately tolerate contralateral carotid com- 
pression but do so after a week to several 
months (figure 10). 


ANALYSIS OF 100 CASES 


RESPONSE TO DIGITAL CAROTID COMPRESSION 
I. Syncopal Responses 
A. Carotid Occlusion (cases 29) 
(with hemiplegia-hemiparesis ) 
1. Complete unilateral occlusion (case 17) 


syncope no synco' 
13 4—1 with bilateral occlusion 
but with good collat- 
erals 


2. Incomplete unilateral occlusion (case 12) 
(insufficiency syndrome ) 
syncope no syncope 
11 

Two patients not responding by syn- 
cope in group I were longstanding 
cases (7 months, 1% years) as was the 
one patient in group II. 


Comment: 


B. Basilar Occlusion (cases 7 ) 
(with hemiplegia-hemiparesis ) 
syncope no syncope 
6 1 


Comment: The syncopal response in this group 
occurred either upon right or left com- 
pression. This response was similar to 
two patients with bilateral incomplete 
carotid occlusions. The exception was 
a patient with partial occlusion of 2 
years duration. 


C. Anterior Cerebral Artery Occlusion (cases 10) 
(usually hemiparesis greatest in upper extrem- 
ity ) 

syncope 
9 


no syncope 
1 


Comment: Patients having this lesion without pa- 
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Fic. 6 and 7. Example of patient (age 
40) with a basilar artery ccclusion. 
Either right or left carotid artery com- 
pression produced syncope, as has been 
observed in other similar patients. 


Fic. 8 and 9. Example of middle cere- 


0 bral artery occlusion. Contralateral digi- 
e tal carotid artery compression usually 
s does not produce syncope. 

9 


Fic. 10. Example of patient with bi- 
lateral carotid artery occlusion having 
important collateral blood supply from 
external carotids and vertebral (the ex- 
ternal carotid must be occluded in a 


compression test). 
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ralysis also were found to develop syn- 
cope when the contralateral anterior 
cerebral was temporarily occluded by 
carotid compression. 


II. Non-syncopal Responses 


D. Middle Cerebral Artery Occlusion (cases 10) 
syncope no syncope 


‘ 7 
One of the patients in the syncopal 
group also had an occlusion of the an- 
terior cerebral artery. One in the non- 
syncopal group had a chronic carotid 
occlusion with an acute middle cere- 
bral artery trunk occlusion. 


Comment: 


E. Small Artery Arteriosclerosis or Emboli with 
Ischemia or Infarction (cases 10) 
(normal angiogram ) 


syncope no syncope 
10 


F. Mass Lesions (brain tumor, hematoma ) 
(cases 26) (with hemiplegia-hemiparesis ) 
syncope no syncope 
6 20 

Of the patients responding by syncope 
one presented a sensitive carotid sinus; 
one was 70 years of age; two had pa- 
pilledema (one patient with a chronic 
subdural hematoma also responded by 
syncope ). 


Comment: 


G. Encephalitis-Meningitis-Multiple Sclerosis- 
Trauma (cases 8) (with hemiparesis ) 
syncope no syncope 
8 


Comment: Two of these patients were children. 

Note: In patients where syncope was expected (46) 
there were exceptions or misleading re- 
sponses in 7 or 15%. 

In patients where syncope was not ex- 
a te (54) there were exceptions or mis- 
eading responses in 9 or 16%. 

The factors influencing the response in- 
clude length or time of occlusion (collateral 
circulation ), the presence of a sensitive ca- 
rotid sinus, increased intracranial pressure 
or a partial carotid occlusion accompanying 
other lesions. Evaluation of these factors 
increases the accuracy in evaluating the 
compression test. 
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SUMMARY 


Temporary digital carotid artery compres- 
sion is a valuable and safe neurologic test for 
identifying occlusive cerebral vascular disease, 
particularly when hemiplegia or hemiparesis 
is recently present or developing. 

This carotid compression test has now been 
cautiously employed in several hundred pa- 
tients in all age groups with but few compli- 
cations. 

When syncope is induced by temporary 
digital carotid compression on the side of the 
paralysis or paresis, contralateral carotid oc- 
clusive disease is probable. This response is not 
accompanied by a heart block, characteristic 
of the carotid sinus reflex, although heart slow- 
ing may occur. When syncope does not occur, 
there is a likelihood of a nonvascular type of 
neurologic lesion caused by a brain tumor, in- 
flammatory or degenerative disease, or trauma. 
If syncope occurs upon compression at the 
right and left carotid bulbs, then occlusive dis- 
ease of the basilar artery, complete or partial, 
is likely. Partial bilateral carotid occlusion will 
also give this type of response. 

The occlusion of an anterior cerebral artery 
was usually accompanied by syncope upon 
contralateral compression, although there was 
angiographic filling of both arteries above the 
communicating artery on the compressed sid:. 

Syncope usually did not occur in patients 
with hemiplegia due to middle cerebral artery 
trunk occlusion, if a longstanding carotid oc- 
clusion was present or if the angiographic 
(both cerebral and cervical) pattern appeared 
to be normal In the latter instance, small! ar- 
tery involvement by arteriosclerosis may exist. 

One hundred responses have been corre- 
lated with angiographic and neurologic find- 
ings. Misleading responses occurred in 16 
cases. These included the occurrence of syn- 
cope in elderly patients with mass lesions, in 
brain tumor patients when choked disks were 
present, or when a “sensitive carotid sinus” 
existed. 

In short, digital carotid compression is an 
aid in the diagnosis of cerebrovascular failure. 
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Mechanism of syncope due to unilateral compression 
of carotid bifurcation. Arch. Neurol. & Psychiat. 74: 
556, 1955. 
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Dispersion of Fluid Materials in 
Intracerebral Injections 


General Observations in Conjunction with 
Injection Lobotomy and Chemopallidectomy 


E. M. Housepian, M.D. and M. Guzman-Lopez, M.D. 


THERE IS sparse literature on experimental 
intracerebral lesion formation by the injection 
of fluid material, although Carpenter and 
Whittier! have discussed this technic in their 
careful study of various methods of produc- 
ing controlled intracerebral lesions in experi- 
mental animals. 

In the course of performing injection loboto- 
my and chemopallidectomy, the question of 
dispersion of fluid material injected into brain 
tissue has been raised. By employing technics 
whereby the total mass of injected material 
can be controlled radiographically, certain ob- 
servations have been made and confirmed by 
comparable studies on cadavers. 

The technic of injection of a liquid material 
into the human globus pallidus, as recently 
outlined by Cooper,?? has not met with uni- 
versal success, although localization of a lesion 
in chemopallidectomy has presumably been 
controlled by placement of a silver clip or 
drop of Pantopaque through the catheter fol- 
lowing intracerebral alcohol injection. When 
the marking vehicle (0.1 to 0.2 cc. Panto- 
paque) was initially instilled via catheter into 
the globus pallidus in six human cases, fol- 
lowed by 0.5 to 0.7 cc. 92 per cent alcohol in 
a viscid base, the following was observed. In 
every case there was extravasation of a signifi- 
cant amount of dye upward along the needle 
tract, despite the fact that injection was made 
over a 20 to 30 minute period. In two cases, 
when a second lesion was attempted within 
1 cm. of an earlier one, the dye was seen to 
break directly into the region marked by the 
earlier procedure, and in one of these there 
was appearance of the dye in the ventricular 
system following injection of 0.3 cc. alcohol, 
despite the fact that the catheter placement 
was apparently not closer than 1.5 cm. from 
the lateral ventricle at any point (figure 1). 
Further injection was, of course, not attempted 
in this case. These observations could not have 
been made if the marking fluid had not pre- 
ceded the injections. 

Procaine injection has been used for lob- 
otomy, and the small series reported contains 
Suggestions of a few unsuccessful cases com- 


plicated by peripheral-vascular collapse.t* In 
this group of intracerebral injections for lob- 
otomy effect, larger volumes of material have 
been injected (2 to 30 cc.). It is felt by some 
that the lobotomy effect may be obtained by 
the rapid introduction of a fluid mass into the 
frontal white matter which, in effect, momen- 
tarily separates and thereby defunctionalizes 
bundles of fibers. With this in mind, saline 
has been successfully substituted for procaine 
in injection lobotomy for certain preterminal 
pain problems.? 

In conjunction with this latter procedure, 
10 to 12 cc. of a weak solution of Diodrast 
(2 per cent in N/S) was injected into the 
frontal white matter through a conventional 
burr hole, with careful cauterization of the 
pia-arachnoid in an attempt to seal the needle 
tract from the subarachnoid space. Injections 
were made through a long blunt 22-gauge 
needle passed to the floor of the anterior fossa 
and withdrawn 2.0 cm. In two patients an- 
teroposterior and lateral roentgenograms and 
tomograms obtained immediately following in- 
jection showed that a small amount of material 
(perhaps 1 to 3 ce.) was visible in a thin, 
intracerebral pocket and that the rest of the 
material was found in the subarachnoid space 
on the orbital surface of the frontal lobe and 
over the convexity at the sites of penetration 
of the pia by the needle (figures 2 and 3). 
This observation was confirmed in two cadavers 
at autopsy, during which an identical “saline 
lobotomy” was performed using a solution of 
methylene blue. In addition to its appearance 
over the convexity and orbital surface of the 
frontal lobe, there was accumulation of dye 
in the subarachnoid space at the base of the 
brain. Furthermore, one of these injected 
brains was cut prior to fixation, and it was 
notable that a longitudinal separation of fibers 
had occurred by the narrow pocket of dissect- 
ing fluid in the direction of the fiber tracts 
deep in the frontal white matter (the superior 
longitudinal fasciculus). 


From the department of neurological surgery, Neurol 
Institute, Presbyterian Hospital, and Francis Delafield Hos- 
pital, New York City. 
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CONCLUSIONS 


These observations suggest the following: 

1. Fluid material introduced by intracere- 
bral injection through a small-gauge needle 
will probably form a narrow (1 to 3 cc.) intra- 
cerebral pocket, and volumes greater than this 
amount may dissect along the needle tract and 
appear in the subarachnoid space, even after 
cauterization of the pia-arachnoid. For this 
reason, the use of potentially toxic or harmful 
agents seems unwise. 

2. Even relatively small amounts of necro- 
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Fic. 1. Chemopallidectomy, 0.1 cc. Pantopaque 
followed by injection of 0.3 cc. 92 per cent 
alcohol in a viscid base. Note the appearance 
of dye along the needle tract and in the lat- 
eral ventricle. 


Fic. 2 and 3. Saline lobotomy. Lateral and 
anteroposterior roentgenograms immediately after 
injection of 12 cc. 2 per cent Diodrast into left 
frontal white matter; 22-gauge needle advanced 
to floor of anterior fossa and withdrawn 1.5 cm. 


tizing material introduced by very slow intra- 
cerebral injection cannot produce predictable 
lesions. The injected material tends to seek 
the path of least resistance, either upward 
along the needle tract, into an adjacent, pre- 
viously necrotized area, or it may enter the 
ventricular system, even though slowly and 


carefully introduced. 


The authors wish to thank Dr. J. Lawrence Pool and Dr. 
Thomas J. Bridges for their help and encouragement, and 
Dr. Abner Wolf for his kindness in making available the 
facilities of the department of neuropathology. 
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Electroencephalographic Evaluation of 


Treatment in Obstructive Disease of the 


Basilar and Carotid Arteries 


John S. Meyer, M.D., Walter Wegner, M.D., 
Charles A. Kane, M.D. and Oscar M. Reinmuth, M.D. 


IN RECENT YEARS it has become apparent to the 
neurologist and neurosurgeon that atheroscle- 
rosis of the carotid and basilar arteries is a 
common cause of neurologic disability and pre- 
sents an important problem in treatment. Clin- 
ical studies of the effects of anticoagulation 
therapy have been reported by Millikan'-* and 
Fisher* in thrombosis and insufficiency of the 
basilar and carotid arteries and by McDevitt 
and Wright®“ in a group of patients with 
thromboembolic cerebrovascular disease. In 
the first two studies the clinical course of a 
group of patients who received anticoagula- 
tion therapy was compared to a similar group 
who received no treatment.'-* In the study 
reported by McDevitt and Wright®-* therapy 
was intermittent and the clinical course was 
compared during periods with and without 
therapy in the same patient. In the three 
studies it was concluded that anticoagulation 
therapy tended to prevent transient symptoms 
due to intermittent insufficiency of the basilar 
and carotid arteries'* and decreased the in- 
cidence of repeated episodes of cerebral em- 
bolization and thrombosis.5-6 Anticoagulation 
therapy did not appear to significantly alter 
the course of cerebral infarction once it had 
occurred.7 

Since the number of cases is usually small 
and it is difficult to select an identical group 
for comparison, there are difficulties in the 
statistical evaluation of therapy. Furthermore, 
the practice of intermittent therapy may be 
hazardous and distort the results, since discon- 
tinuation of anticoagulant therapy appears to 
have resulted in cerebral infarction in some in- 
stances.4.5.7 In addition, there are factors pe- 
culiar to the natural history of intermittent in- 
sufficiency of the basilar and carotid arteries 
that must be considered in the evaluation of 
treatment. Some cases tend to improve spon- 
taneously, and it is not uncommon for repeated 
attacks of transient neurologic deficit to cease 
when the patient suffers from cerebral infarc- 
tion. Any part played by changes in the sys- 
temic circulation must also be considered. 
Transient cerebrovascular symptoms may be 
caused by failure of the cerebral collateral cir- 


culation precipitated by a reduction in cardiac 
output or a fall in blood pressure.S-!! There- 
fore, it seemed worthwhile to compare thera- 
peutic measures designed to maintain the sys- 
temic circulation and thereby prevent failure 
of the cerebral collateral circulation with the 
effects of anticoagulation therapy. 

In order to overcome some of the difficulties 
in clinical evaluation, a study was undertaken 
of treatment in 90 cases of occlusive disease 
of the basilar and carotid arteries by testin 
the cerebral collateral circulation before a 
after treatment. The tests used were concur- 
rent recordings of the electroencephalogram, 
electrocardiogram, and blood pressure, to- 
gether with any clinical manifestations as the 
blood pressure was lowered with the tilt-table 
and during alternate compression of the ca- 
rotid arteries in the neck. It has been shown 
previously that patients with carotid artery in- 
sufficiency develop abnormalities in the elec- 
troencephalogram recorded from the Sylvian 
region and patients with basilar artery insuf- 
ficiency develop changes in the electroenceph- 
alogram recorded from the occipital regions as 
a result of postural tilting and that carotid 
compression causes a more widespread electro- 
encephalographic abnormality. The theoretical 
background and a detailed discussion of the 
validity of this test have been reported else- 
where.® 


MATERIALS AND METHODS 


Ninety cases were studied and are summar- 
ized in table 1. The sole requirement for se- 
lection was that the diagnosis should be well 
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TABLE 1 
DIAGNOSIS, AGE, SEX AND MORTALITY ANALYSIS 
OF TOTAL OF 90 CASES _ 


Total cases studied: 


Basilar artery disease 42 
Carotico-basilar artery disease - 3 
Unilateral carotid artery disease .... : 37 
Bilateral carotid artery disease ‘ 8 

Total 90 


Mean age: 63 
Males: 46 Females: 44 
Deaths: 
Basilar artery disease ; 8 
Carotid artery disease . 5 


Total 13 (14.4%) 
Mean duration of symptoms 14 months 
No treatment 9 
Dicumarol discontinued within 4 weeks of death 3 


Death during Dicumarol 
treatment 


1 (bilateral pneumothorax ) 


defined and that the clinical data be complete. 
All cases were examined by at least one of 
the authors and in many cases by two or more 
of us. The diagnosis was confirmed by arterio- 
gram or inspection of the affected vessel at 
operation in 11 cases, by necropsy in five, and 
by electroencephalogram during postural tilt- 
ing and compression of the carotid arteries in 
the neck in an additional 37. In the remaining 
cases diagnosis was based solely on clinical 
signs and symptoms, the clinical history and 
physical examination, including palpation of 
the carotid arteries in the neck being sufficient- 
ly distinctive to allow more than a presumptive 
diagnosis. A persistent unvarying hemiplegia 
or hemianopia was assumed to be due to in- 
farction. 

The mean period of clinical observation of 
the 90 cases has been 16 months, but the ma- 
jority have been observed for two years or 
longer. The patients were evenly divided be- 
tween ward and private patients. There were 
46 males and 44 females. The mean age for 
the entire group was 63 years (table 1). The 
oldest patient was 92 years and the youngest 
34 years, but the vast majority were in the sev- 
enth and eighth decades. The group was clas- 
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sified according to the vessel principally in- 
volved, but the electroencephalogram and ar- 
teriography revealed that other vessels were 
diseased also in some instances. In the entire 
group of 90 cases there were 13 deaths. A 
higher proportion of deaths occurred in the 
group with disease of the basilar arteries than 
in the group with carotid artery disease (table 
1). The mean duration of symptoms prior to 
death was 14 months in the 13 cases that died, 
and nine of them received no treatment other 
than bed rest and general supportive meas- 
ures. Three cases expired within four weeks 
after Dicumarol therapy was discontinued be- 
cause of various contraindications to continued 
anticoagulation. The remaining patient expired 
while receiving anticoagulation therapy. 

Twenty-three cases received no treatment 
and constituted a group who were followed 
prior to our use of therapy with anticoagulants. 
Many of these cases have been reported pre- 
viously in another communication;® in three of 
them electroencephalograms were made while 
compressing the carotid artery and postural 
tilting at intervals of six, nine, and 12 months 
for purposes of comparison. Observations of 
their clinical course were classified into four 
categories: “improved,” “no change,” “worse,” 
or “dead,” in order to tabulate the natural his- 
tory of the disease during a mean period of 
observation for two years. The number and 
severity of transient ischemic attacks varied 
from patient to patient. The most severe form 
of ischemic attack was a transient hemiplegia, 
the most mild being intermittent blurring of 
vision. Some patients with severe insufficiency 
had attacks daily, while others had symptoms 
at intervals of months. Patients who had com- 
plete relief of transient attacks or a reduction 
in frequency by one-half or more were con- 
sidered “improved.” 

Electroencephalograms were made while 
compressing the carotid artery with postural 
tilting to 70° in 49 cases before and after 
various forms of treatment. In addition, ca- 
rotid arteriograms were made before and after 


TABLE 2 
ae NATURAL HISTORY SUMMARY OF 29 UNTREATED CASES 

No treatment: 29 cases® Improved Unchanged Worse Dead 
Carotid insufficiency without infarction 1 1 5 2 
Carotid occlusion with infarction 3 = - 1 
Basilar insufficiency without infarction 1 2 7 3 
Basilar occlusion with infarction - ~ - 3 

Total 5 (17%) 3 12 9 


Mean duration of symptoms: 24 months 
*Repeated electroencephalograms in three cases with postural tilt and carotid compression at intervals of 6 to 12 months 


showed progressive deterioration. 


. 


EEG EVALUATION OF TREATMENT IN OBSTRUCTIVE ARTERIAL DISEASE 767 


HORIZONTAL 8 70° TLT OCCLUDE R. CAROTID 
BP 100/80 3-5 BP 82/70 3-5~ 
4-6 4-6 
6 5-6- 


D HORIZONTAL 
28 
7-5 7-5 AWAY 
50 


Fic. 1. Electroencephalographic records made during postural tilting to 70° and occlusion of the right 


carotid artery in a 63 year old man with a two-year history of recurrent episodes of syncope, blindness, 
dizziness, and ataxia. The first record was made after mild symptoms had been present for one year. The 
tests showed minimal bitemporooccipital theta activity with right carotid compression for 25 seconds; there 
was no change during tilt. The second record was made one year later when the attacks were more frequent 
and severe. Marked bursts of high voltage delta waves appeared in the left occipital and temporal regions with 
tilting and gross slowing of the electroencephalogram, with a seizure resulting when the right carotid was 


occluded for 12 seconds. 


treatment in three cases of occlusion of the 
internal carotid artery. 

Forty-one cases have been treated with anti- 
coagulation therapy consisting of the intramus- 
cular injection of 100 mg. of heparin every 
eight hours for two to three days and oral Di- 
cumarol (3,3 methyl bis 4-hydroxycoumarin ) 
in doses sufficient to maintain the prothrombin 
time between 25 and 35 seconds. The present 
plan is to maintain the Dicumarol therapy for 
the rest of these patients’ lives, unless some 
serious contraindication to the use of anticoag- 
ulant should arise. In our laboratories a con- 
trol prothrombin time is 12 to 13 seconds, and 
20 to 30 seconds is generally considered to be 
within “therapeutic range.” In 19 of these 
cases electroencephalograms were made during 
postural tilting and carotid compression before 
and after therapy; carotid arteriograms were 
also made in two cases before and after treat- 
ment with Dicumarol for three to five weeks. 

Sixteen cases have been treated with ephed- 
rine sulfate administered by mouth in doses 
of 50 mg. three or four times daily. In nine 
of these cases, the electroencephalogram with 


postural tilt and carotid compression was com- 
pared before and after the intramuscular injec- 
tion of 50 mg. of ephedrine. 

Five cases of obstructive disease of the in- 
ternal carotid artery in the neck were selected 
for surgical treatment.®-1%22 In two, there was 
severe stenosis of the internal carotid artery 
at the carotid sinus, and in the remaining three 
there was long-standing thrombosis of the in- 
ternal carotid artery. Arteriograms before and 
after the surgical reconstruction were per- 
formed in one patient, and electroencephalo- 
graphic testing was performed before and after 


surgery in the remaining four cases. 
RESULTS 


Natural History of the Disease. Table 2 
summarizes the clinical data relating to 23 
untreated cases of obstructive disease of the 
basilar and carotid arteries who were observed 
for a mean interval of two years. Seventeen 
per cent showed spontaneous improvement, 
the majority of these being patients who re- 
covered from an infarct in the distribution of 
the carotid artery. In general, patients with 
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EKG 
LATER PROTHROMBIN TIME 35 SECS. 


T D R. 
2-8- 
75. 


@) 


Fic. 2. 


Electroencephalographic records made in the same patient as those illustrated in figure 1. A shows 


that breathing 100 per cent oxygen prevented the development of a seizure and minimized the electroencepha- 
lographic abnormality when the right carotid was occluded for 30 seconds (compare with the same procedure 
when breathing air, as in figure 1F). B shows that the intramuscular injection of 50 mg. of ephedrine pre- 


vented the development of electroencephalographic abnormality with carotid compression. 


In C and D 


Dicumarol had been administered for 16 days and postural tilt and compression of the right carotid for 30 
seconds failed.to produce electroencephalographic abnormality or symptoms (compare with figures 1E and F). 


repeated attacks of transient neurologic deficit 
became worse either because the attacks in- 
creased in frequency or because cerebral in- 
farction resulted eventually. In the group of 
untreated patients 72 per cent were severely 
disabled or dead within two years. 
Comparison of the electroencephalograms 
during yoy tilt and carotid compression in 
three of these untreated cases at intervals of 
six, nine, and 12 months showed progressive 
increase in the electroencephalographic abnor- 
mality induced by these tests (figure 1). 
Anticoagulation Therapy. Clinical observa- 
tions pertaining to long-term Dicumarol ther- 
apy in 41 cases are summarized in table 3. 
Although the period of observation in this 
group is not as long as in the untreated group, 
comparison of the symptoms before and after 
treatment showed that 75 per cent were signifi- 
cantly improved and, of the four deaths in the 
group, three occurred within four weeks of dis- 


continuing anticoagulation therapy. Therapy 
was discontinued in one case because of severe 
liver disease, in another because of epistaxis, 
and in the third in preparation for htenil 
surgery. The cause of death in the one patient 
who died while on anticoagulation therapy was 
from unrelated, bilateral pneumothorax and 
mediastinal emphysema. Two additional pa- 
tients showed marked worsening of symptoms 
when therapy was temporarily discontinued 
and improvement when therapy was resumed. 
The patients showing the most marked im- 
provement were those suffering from vascular 
insufficiency without infarction (that is, re- 
peated transient ischemic episodes with recov- 
ery). Patients who had sustained severe cere- 
bral infarction prior to treatment did not show 
significant improvement. 

In two patients with occlusion of the inter- 
nal carotid artery, angiography was repeated 
after three to five weeks of anticoagulation 


EPHEDRINE 5OMG. 
A OCCLUDE R.CAROTID 
30 SECS. 30 SECS. 
8-6 
NO SEIZURE 
8-6-8 
4 BP 90/70 BP 95/60 
_ 


EEG EVALUATION OF TREATMENT IN OBSTRUCTIVE ARTERIAL DISEASE 769 


Fic. 3. A and B, arteriograms made in a 51 year old 
male with bilateral occlusion of the internal carotid 
arteries in the neck, resulting in bilateral hemiplegia 
and coma. C and D, right carotid and vertebral ar- 
teriograms were repeated after five weeks of Dicuma- 
rol therapy, at which time he was improved, with ap- 
propriate speech and a residual right hemiparesis. 
Comparison of C with A shows that 1 cm. of the ob- 
struction has been removed but the internal carotid 
is totally occluded. Vertebral arteriograms show re- 
markable filling of all cerebral vessels due to the de- 
velopment of collateral circulation by way of the 
posterior cerebral arteries. 


therapy, during which time clinical improve- 
ment had occurred. The procedure was re- 
peated to determine if the obstruction in the 
vessel had been altered by treatment. In one 
patient the vessel had become partially pat- 
ent, but in the other, a patient with occlusion 
of both internal carotid arteries, 1 cm. of the 
obstruction had been removed but the internal 
carotid artery still remained totally occluded 
(compare figures 3A and C). A right verte- 
bral arteriogram performed after treatment 
showed filling of both posterior and anterior 


cerebral arteries by injection of this vessel 
(figure 3D); the basilar artery was thus sup- 
plying both hemispheres by way of the pos- 
terior cerebral arteries. The carotid arterio- 
grams showed that the internal carotid arteries 
received an additional but tenuous supply by 
collateral flow between the external and inter- 
nal carotid artery systems via the ophthalmic 
artery (figures 3A, B, and C). 

The results of electroencephalographic test- 
ing of the cerebral collateral circulation in 19 
patients with carotid and basilar artery disease 
before and after Dicumarol therapy are illus- 
trated in table 4. In all cases the tests were 
repeated when the prothrombin time was well 
within the therapeutic range. After Dicumarol 
therapy the electroencephalographic abnor- 
mality was no longer obtained by tilting or 
carotid compression in seven cases, was less 
marked in ten cases, and remained unchanged 
in two cases. Representative records are illus- 
trated (compare figures 1E and F with figures 
2C and D, figures 4B and C with figures 4D 
and E, and figures 5B and C with figures 5D 
and E). 

The electroencephalographic evidence sup- 
ports the clinical impression that the cerebral 
circulation in this group of cases is benefited 
in some way by anticoagulation therapy. 

Ephedrine. Table 5 summarizes the clinical 
observations in 16 patients treated with oral 
ephedrine in doses of 50 mg. three er four 
times daily. The rationale for the use of ephed- 
rine is that it appears to be the most effective 
drug in the treatment of postural hypotension® 
and is of value in decreasing Stokes-Adams 
attacks due to changing heart block. Sixty-two 
per cent of this group were improved by 
ephedrine. The drug seems to have particular 
value in those cases with arteriosclerotic heart 
disease associated with varying degrees of 
heart block and in cases with postural hypo- 
tension. Two of the patients in this group who 
were not improved by ephedrine therapy after 


TABLE 3 
CLINICAL EVALUATION OF DICUMAROL TREATED CASES 


Mean Duration 


Number of Symptoms Mean Duration 
of Prior to Treat- of Treatment 
Cases ment (Months) (Months) Imp d Unchanged Worse Dead 
Carotid insufficiency 
without infarction 19 15 8 14 4 - 
Carotid occlusion with infarction 5 3 3 3 1 1 
Basilar insufficiency 
without infarction 14 6 6 13 - - 
Basilar occl with infarcti 3 1 1 - 
Total 41 31(75%) 5 1 


*Treatment discontinued 
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TABLE 4 
ELECTROENCEPHALOGRAM WITH 70° POSTURAL TILT AND CAROTID COMPRESSION COMPARED 
BEFORE AND AFTER ANTICOAGULANT THERAPY® 


Mean Mean 
Number of Duration of Prothrombin Electroencephalographic Tests 
Cases Treatment Time Normal Improved Unchanged 
Basilar artery disease 6 13 days 31 sec. 4 2 = 
Carotid artery disease 13 10 days 32 sec. 3 8 2 
Total 19 rf 10 2 
* All electroencephalographic tests before treatment abnormal. 
TABLE 5 
CLINICAL EVALUATION OF CASES TREATED WITH ORAL EPHEDRINE 
Number Mean Duration Mean Duration 
of of Symptoms of Treatment 
Cases (Months) (Months) Improved Unchanged Worse Dead 
Carotid insufficiency 
without infarction 7 16 5 3 1 3 - 
Basilar insufficiency 
without infarction 9 19 10 7 1 - 1 
Total 16 10(62%) 2 3 1 


six months trial were then placed on anticoag- peutic agent. Table 6 summarizes an evalua- 
ulation therapy with prompt and sustained im- tion of ephedrine therapy by use of the elec- 
provement. Ephedrine does not appear to be — troencephalogram with postural tilting and ca- 
as effective as anticoagulation therapy, but its rotid compression. The results of electroen- 
ease of administration makes it a useful thera-  cephalographic evaluation support the clinical 


160/96 BP. 76 
PROTHROMBIN TIME 30 SECS. 


BP. 132/74 
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Fic. 4. Sample electroencep hic records made during postural tilting to 70° and compression of the 
right carotid artery in a 68 year old male with a one-year history of progressive mental confusion, episodic 
disorientation, memory loss, impaired vision, and ataxia. There were signs of brainstem damage. Records A, 
B, and C were made prior to anticoagulation therapy and records D and E were made fourteen days after 
the institution of therapy when the prothrombin time was 30 seconds. Postural tilting and carotid compres- 
sion failed to produce the same electroencephalographic abnormality as prior to therapy and his symptoms 
had improved. Three weeks later anticoagulant therapy was discontinued because of severe hepatic cirrhosis 
and he expired one week after therapy was eee. At autopsy there was marked atherosclerosis and 
stenosis of the basilar artery, with a recent thromboti and b m infarction. 
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observations. All of the nine patients tested 
showed less abnormality with postural tilt and 
carotid compression than — to treatment. 
A representative case is illustrated (compare 
figure 1C with 2B). 

Surgical Treatment. Five cases of athero- 
sclerosis of the internal carotid artery in the 
neck with obstruction were selected for sur- 
gery. The results are summarized in table 7. 
One case with stenosis of the right internal 
carotid artery associated with repeated epi- 
sodes of transient left hemiplegia was operated 
upon with an excellent result. A side-to-side 
anastomosis of the external to the internal ca- 
rotid artery was performed in order to bypass 
the obstruction in the neck. The pre- and post- 
operative arteriograms are shown in figures 6A 
and B, and a photograph made at operation 
of the reconstructed portion of the carotid ar- 
tery is shown in figure 6C. The patient had 
a complete left hemiplegia with paralysis of 
conjugate gaze to the left of one week’s dura- 
tion at the time of operation. Following sur- 
gery he made a gradual recovery over the en- 
suing 14 days. Motor and sensory function 
returned in the arm before the leg and he now 
has some residual spasticity of the left side. 
The paralysis of conjugate gaze is no longer 
present. He has been observed for 12 months 
since operation and there have been no further 
symptoms. 

Electroencephalograms made before and 
after operation showed improvement in the 
cerebral circulation (compare figures 7B and 
7C). When the reconstructed artery was com- 
pressed after surgery, the right temporal re- 


gion showed a marked reduction in amplitude 
and became isoelectric, and the patient com- 
plained of feeling “dizzy” and noticed numb- 
ness in the left arm (figure 7D). Electroen- 
cephalograms made during compression of the 
right carotid artery prior to surgery produced 
no effect. 

Another case with stenosis of the right inter- 
nal carotid artery showed improvement for 
the first four weeks after surgery, but during 
the fifth week the carotid pulsation was no 
longer palpable and the hemiplegia returned. 
In the remaining three cases the internal ca- 
rotid artery was found at operation to be ob- 
structed in its entire length from the carotid 
sinus to the intracranial portion. Thrombec- 
tomy was attempted without re-establishing 
flow and without improvement. 

Atropine. A 0.5 mg. injection of atropine 
subcutaneously has not proved to be of benefit 
in preventing the appearance of electroenceph- 
alographic changes with postural tilting and 
carotid compression, except rarely in cases of 
carotid sinus sensitivity. 

Nitroglycerin. In one patient whose attacks 
began when he was treated with nitroglycerin 
for angina pectoris, the sublingual administra- 
tion of 0.4 mg. of the drug enhanced the de- 
gree of electroencephalographic abnormality 
produced by postural tilting. 

100% Oxygen and 7% CO, and Oxygen Mix- 
ture. In three cases the electroencephalogram 
was made while the patient was breathing air 
and repeated with a mixture of 7 per cent 
carbon dioxide and 93 per cent oxygen and 
later while breathing 100 per cent oxygen. 


TABLE 6 
ELECTROENCEPHALOGRAM WITH 70° POSTURAL TILT AND CAROTID COMPRESSION COMPARED 
BEFORE AND AFTER THE INTRAMUSCULAR INJECTION OF EPHEDRINE 50 MG. 


Number of Electroencephalogram 
Cases Normal Improved Unchanged 
Basilar artery disease 3 - 3 
Carotid artery disease 6 1 5 - 
Total 9 1 8 
All electroencephalog before treatment abnormal. 
TABLE 7 


CLINICAL AND ELECTROENCEPHALOGRAPHIC EVALUATION OF SURGICAL THERAPY OF OBSTRUCTION 
OF THE CAROTID ARTERIES 


Blood Flow Clinical EEG 

Diagnosis Treatment Re-established Evaluation Evaluation 

Carotid artery stenosis External-internal Yes Improved Improved 
carotid artery anastomosis 

Carotid artery stenosis External-internal Temporary® Partial improvement Improved 
carotid artery anastomosis 

Carotid artery thrombosis Thrombectomy No Unchanged Unchanged 

Carotid artery thrombosis Thrombectomy No Unchanged Unchanged 

Bilateral carotid artery Thrombectomy No Unchanged Unchanged 


thrombosis 


*4 weeks after operation carotid pulsation absent. 
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In all cases the electroencephalographic ab- 
normality was less marked when the patient 
was breathing oxygen or 7 per cent carbon 
dioxide and oxygen than when breathing air. 
A representative case is illustrated (compare 
figures IF and 2A). 

Abdominal Binder and Elastic Stockings. 
In order to reduce postural hypotension, tight 
abdominal binders and elastic stockings were 
placed on four patients before and after pos- 
tural tilting while recording the electroenceph- 
alogram for purposes of comparison. In three 
of the four patients the electroencephalo- 
graphic abnormality was decreased. 


DISCUSSION 


A critical study has been made of 90 cases 
of insufficiency and thrombosis of the basilar 
and carotid arteries during a period of obser- 
vation for two years with a view to gaining 
information concerning the natural history of 
the disease and the manner in which its course 
might be modified by treatment. Clinical ob- 
servations were correlated with tests of the 
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70° TILT . 


cerebral circulation under stress which were 
made in a comparable manner before and 
after treatment. The test consisted of record- 
ing the electroencephalogram during postural 
tilting and carotid compression. 

The data indicate that insufficiency of the 
basilar and carotid arteries due to athero- 
sclerosis has a natural history characterized 
by progressive failure of the collateral circula- 
tion, resulting in death in 31 per cent of the 
cases studied and severe disability in an ad- 
ditional 41 per cent occurring within two 
years of the onset of symptoms. However, 
there was a wide variability in the rate of 
cerebrovascular failure from case to case and 
one patient has survived repeated attacks for 
a period of seven years. This clinical impres- 
sion was ‘by electroencephalographic 
testing. ectroencephalograms repeated at 
intervals of six to 12 months showed a pro- 
gressive abnormality elicited by postural tilt- 
ing and carotid compression (figure 1). 

Progressive deterioration of the cerebral cir- 
culation is assumed to be due to continued 
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Fic. 5. Sample electroencephalographic records during postural tilting and carotid compression in a 34 year 
old woman with juvenile diabetes since the age of two and six episodes of alternating and transient hemi- 
plegia ushered in by syncope over a period of eight months. Physical examination revealed signs of damage 


to both corticospinal tracts and dysarthria. 


Records A, B, and C were made prior to therapy and records D 


and E were made after four weeks of Dicumarol, at which time the ag pence ty time was 35 seconds. The 


patient has had no further attacks while on anticoagulation th 


y for 12 th 
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atherosclerosis and stenosis of the cerebral col- 
lateral vessels, complicated in many instances 
by associated heart disease and intermittent 
reduction of cardiac output. This assumption 
is supported by the high incidence of arterio- 
sclerotic heart disease in the entire group of 
90 cases. Symptomatic arteriosclerotic heart 
disease was present in 36 cases, with myocar- 
dial infarction occurring in 12, varying de- 
grees of heart block present in six, and auricu- 
lar fibrillation present in five. Diabetes was 
present in eight cases, which is of interest in 
view of the well known association of diabetes 
with atherosclerosis. It is assumed that there 
were more deaths in the group suffering from 
disease of the basilar artery during the period 
of study because vital centers of the brainstem 
are supplied by this vessel. Elsewhere we 
have indicated the better prognosis in younger 
age groups.® 
In considering therapy of cerebrovascular 
disease it is evident that there are two aspects 
of treatment that should be considered sepa- 


Fic. 6. A. Preoperative carotid arteriogram, showing 
stenosis of the right carotid artery in a 59 year old 
male who had four attacks of left hemiplegia in an 
eight week period. B. Right carotid arteriogram after 
anastomosis of the right external carotid to the right 
internal carotid above the point of stenosis. C. Pho- 
tograph of reconstructed vessel at operation at the 
site of anastomosis. There have been no further epi- 
sodes of insufficiency in the year since operation. 
Some left-sided spasticity persists. 


BEFORE OPERATION e AFTER OPERATION 
AN ISEC. 34 DAYS AFTER OPERATION 
RECONSTRUCTED CAROTIO 


Fic. 7. S lectr hal hic records made in the patient whose arteriograms are illustrated in 
figure 6. Reord % was made prior to operation and record C was made after surgical reconstruction of 
severe stenosis of the right internal carotid artery. There is less slow activity induced by tilting in the right 
temporal region after operation. Record D _was made 34 days after o— to show that compression of 
the right carotid artery p of the ded from the right 
temporal region and he “complained of ph sae and a numb sensation in “the left arm. Compression of the 
right carotid artery prior to its surgical reconstruction d hic change. 
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rately. First, the prevention and treatment of 
attacks of intermittent ischemia and secondly, 
the treatment of cerebral infarction. This sep- 
aration is important because, in general, once 
cerebral infarction has occurred it is essen- 
itally an irreversible process, whereas cerebro- 
vascular insufficiency is a reversible, physio- 
logic state that is amenable to treatment.’ In 
this study, our main concern has been the pre- 
vention of intermittent attacks of cerebral is- 
chemia and not the treatment of cerebral in- 
farction. 


MAINTENANCE OF SYSTEMIC CIRCULATION 


Since local cerebral blood flow is dependent 
on the systemic blood pressure, the first thera- 
peutic consideration should be maintenance of 
adequate cardiac output because a transient 
reduction may precipitate cerebrovascular in- 
sufficiency. Heart failure, if present, should be 
treated with digitalis, and rapid atrial fibrilla- 
tion should be converted to the most effective 
rhythm possible. Intermittent and variable 
heart block and postural hypotension should be 
recognized and treated pe ephedrine being 
the most effective drug in this regard. Digitalis 
toxicity may occasionally increase cerebrovas- 
cular symptoms by causing various degrees of 
reversible heart block and should be avoided. 
These clinical observations are supported by 
testing patients before and after treatment with 
ephedrine by use of the electroencephalogram. 
Elastic stockings and a firm abdominal support 
also minimize postural hypotension, but they 
are uncomfortable for continuous wear and are 
often discarded. 


POSSIBLE MECHANISMS OF ANTICOAGULANTS 


From both clinical studies and electroen- 
cephalographic testing, anticoagulant therapy 
appears to improve the cerebral collateral cir- 
culation and reduce the incidence of recurrent 
cerebrovascular symptoms. It does not, in our 
experience, benefit cerebral infarction once it 
has occurred. The mode of action is obscure 
and is not yet fully understood. The beneficial 
effect is probably not due to recanalization 
of the occluded vessel alone, although there is 
evidence both clinically and experimentally 
that this plays a part in the beneficial effect. 

Carotid arteriograms performed in one pa- 
tient with a recent thrombotic occlusion of the 
intracranial portion of the left internal carotid 
artery before and after therapy with Dicuma- 
rol revealed that the vessel had become patent 
although stenosis remained. It, therefore, 
seems justified to assume that in man, as in 


experimental animals, anticoagulants promote 
recanalization of thrombosed vessels.14:15 

However, benefit produced by anticoagulant 
therapy, as judged clinically and by tests with 
the electroencephalogram, appears to be more 
rapid than could be accounted for by recanali- 
zation alone. In one of our patients serial ar- 
teriograms showed that the vessel remained 
occluded, despite prolonged anticoagulation 
therapy and clinical improvement (figure 3). 
Furthermore, in two additional cases surgical 
inspection of the occluded vessel showed that 
the site of occlusion was extensively calcified 
and it seems unlikely that any significant de- 
gree of recanalization could occur. For exam- 
ple, figure 8A shows roentgenograms of the 
neck in a case with calcification of both com- 
mon carotid arteries. A left carotid arterio- 
gram revealed complete obstruction of the left 
common carotid artery (figure 8B). Surgical 
inspection revealed extensive atherosclerosis, 
with plaque formation at the carotid bifurca- 
tion. Beyond this point, adherent propagated 
clot extended into the intracranial portion of 
the internal carotid artery. 

An additional explanation is that anticoagu- 
lation therapy improves the collateral circula- 
tion supplied by way of the small arterial anas- 
tomoses of the cortex. Experimental studies 
have shown that these vessels may provide an 
additional collateral blood flow beyond the cir- 
cle of Willis.1°" Additional experiments now 
in progress show that when the systemic cir- 
culation fails, segmentation, stasis, and hemo- 
concentration occur, ultimately resulting in en- 
dothelial damage. In these experiments it is 
found that anticoagulation tends to prevent 
sludging of blood in these small cortical ves- 
sels. It is evident that the reduction of platelet 
adhesiveness by anticoagulants plays a part in 
this phenomenon.!* 


INDICATIONS FOR SURGICAL THERAPY 


With further experience it seems probable 
that surgical reconstruction of the internal ca- 
rotid artery in the neck is occasionally a jus- 
tified procedure in well localized obstruction 
of the carotid artery.®.1%°? Eastcott and asso- 
ciates!® reported success in one patient and 
we have had success in one additional case. 
Careful selection of suitable cases is important. 
At present we believe that the ideal patient 
should have severe stenosis of the carotid ar- 
tery rather than complete occlusion, since clot 
tends to propagate distal to a long-standing 
complete occlusion. The cases selected for sur- 
gery should be free of advanced heart disease. 
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If extensive infarction has occurred, surgical 
reconstruction is unlikely to be of benefit. We 
are now inclined to the view that the ideal 
procedure is thrombectomy or arterial grafting 
under hypothermia, since anastomosis of the 
external to the internal carotid artery may sac- 
rifice collateral communications already exist- 
ing between the ophthalmic artery and the or- 
bital vessels. 


| THEORETICAL CONSIDERATIONS 
t IN TREATMENT 
l 


Since the immediate effects of acute cere- 
brovascular insufficiency are mediated by is- 
chemic anoxia, oxygen therapy with or with- 
out the addition of 7 per cent carbon dioxide 
is indicated during the acute attack. The bene- 
t ficial effect of oxygen in induced cerebrovas- 
| cular insufficiency is illustrated by comparing 
figures 1F and 2A. In this patient occlusion 
of the right internal carotid artery for 12 sec- 
j onds produced generalized electroencephalo- 
f graphic slowing and a left-sided seizure (fig- 
ure 1F). When the procedure was repeated 
for 30 seconds while breathing 100 per cent 
oxygen, less electroencephalographic abnor- 
mality occurred and there was no seizure. 


Similar protection was afforded by 
7 per cent carbon dioxide. The beneficial ef- é E 
fect of oxygen was confirmed by electroen- 
cephalography in two additional cases. The 
reverse effect. namely the production of in- Fic. 8. Roentgenographic Studies in a 45 year old 
male who developed the step-wise progression of a 
‘. farction by severe anoxia, was noted in one right hemiparesis and dysphasia due to occlusion of 
patient with occlusion of the internal carotid the left common carotid artery over a three-week 
period. Thrombectomy was unsuccessful. He is now 
is artery who suffered accidental carbon monox- symptom-free after anticoagulation therapy for four 
tt ide poisoning and developed a transient hemi- an om of the 
plegia. We have seen an additional case, not of the carotid bifurcation, showing extensive 
ot included in this series, who developed hemi- teries. B. Left carotid arteriogram in the same patient 
in plegia as a result of exposure to carbon mon- to show complete occlusion of common carotid artery. 
oxide. Hypoglycemia should also be avoided. 
We have seen transient hemiplegia occurring paroxysm of coughing. It is presumed that the 
in a diabetic during hypoglycemia, with causally related factor common to all was a 
le prompt recovery following the intravenous — transient reduction in cardiac output. 
administration of glucose. 
_In eliciting histories from this group of pa- 
a tients, certain precipitating factors appeared Ninety cases of obstructive disease of the 
is to be causally related to the onset of transient basilar and carotid arteries due to athero- 
a“ ischemic episodes. These included blood loss, sclerosis have been evaluated clinically and 
~ digitalis poisoning, straining at stool, postural by use of the electroencephalogram with com- 
nt. hypotension, the use of hypotensive drugs, an pression of the carotid arteries and postural 
mn unusually heavy meal, and cardiac dysrhyth- _ tilting, in order to evaluate the natural history 
- mia. In one patient the attacks began after a of the disease and the manner in which this 
lot lumbosacral sympathectomy was performed for may be modified by therapy. The disease is 
ing labile hypertension, and in another patient commonly characterized in the older age group 
an with insufficiency of the basilar artery an epi- (in whom basilar and carotid artery occlusion 
wal sode of blindness occurred as a result of the is most frequently seen) by progressive de- 


Valsalva phenomenon produced by a severe  terioration of the cerebral collateral circula- 
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tion, complicated in many instances by asso- 
ciated arteriosclerotic heart disease. 

Transient episodes of cerebrovascular in- 
sufficiency may be decreased in incidence if 
each case is evaluated separately. Therapy 
should be directed toward improved cardiac 
function and avoidance of hypotension, * hy- 
poglycemia, and anoxia. During transient is- 
chemic attacks oxygen therapy is beneficial. 
Ephedrine is helpful in preventing intermit- 
tent attacks of cerebrovascular insufficiency, 
particularly in cases with postural hypoten- 
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A Clinical Study of 100 Aphasic Patients 


1. Observations on Lateralization and 


Localization of Lesions 


Joe R. Brown, M.D. and Josephine Simonson, M.A. 


MANY DIFFERENT APPROACHES have been 
made to the problems of aphasia. The psy- 
chologist, the anatomist, the neurologist, and 
the speech pathologist may examine and each 
may interpret differently the phenomena seen 
in aphasic patients. This leads to divergent 
views and theories concerning aphasia. Also, 
the literature concerning the subject has been 
replete with words of considerable length, 
complexity, and variability. On occasion, an 
identical word will have greatly different 
meanings to different disciplines. 


TERMINOLOGY 


In an effort to overcome some of these dif- 
ficulties, we have employed an approach using 
simple terminology that is carefully defined. 
In our approach, language is considered to con- 
sist of four major components, namely, listen- 
ing, speaking, reading, and writing. “Listen- 
ing” encompasses all auditory language recep- 
tive functions, while “reading” is equated with 
all visual language receptive functions. The 
terms “speaking” and “writing” designate the 
— of formulation and expression of ideas 

y means of words, phrases, and more com- 
plex statements that are spoken or written, re- 
spectively. Closely related to these four major 
components of language are the visual recog- 
nition of objects, calculation, motor aun, 
and the motor act of writing. General concep- 
tual processes, such as the ability to abstract 
and integrate, as well as special conceptual 
functions like spacial geometric orientation, 
also are closely intertwined with language. In 
similar association, there is the ideas proc- 
ess variously known as “inner speech” or “sym- 
bolic formulation;” one would be 
grant its existence but to despair at trying to 
measure it directly. Specialized forms of lan- 
guage such as chemical formulas, Braille, and 
sign language need not be considered in most 
patients. 

“Aphasia” is defined as an acquired primary 
defect of one or more of the aforementioned 
four oe 3 components of language. Use of 
the word “primary” indicates that the language 
defect is not secondary to a general intellectual 
deficit or to emotional upset. The terms 


“aphasia” and “dysphasia” generally are used 
to indicate the same clinical condition. The 
former term has the advantage of long usage, 
while the latter is more accurate. 


PRESENT STUDY 


The purpose of this study was to demon- 
strate the various observed interrelationships 
between the language defects of patients and 
the other neurologic deficits, with special ref- 
erence to the lateralization and localization of 
lesions. We have attempted to combine the 
technics of the disciplines of neurology and 
speech pathology in a clinical study of 100 
— patients. Our approach was to record 
phenomena observed, to allow interrelation- 
ships to develop between various phenomena, 
and to make interpretation only ab this ap- 
peared to be justified. The omission of certain 
technics of other disciplines naturally places 
some bias on our observations and interpreta- 
tions. Awareness of this bias should be suffi- 
cient to enable the reader to evaluate the re- 
sults presented. Subsequent studies on the 
same patients will age observations on the 
basic language defects in these aphasic pa- 
tients and show how such defects appeared to 
be modified by the stimulus to language, by 
the aura of the situation, and by the patients’ 
ways of circumventing the defects. 

In the examination of our patients, each 
component of language was sampled as in- 
dependently as possible, without requiring the 
use of a specific second component while 
testing the wy Thus, when the process of 
listening was being tested, the patient was 
permitted to point, gesture, or nod to indicate 
a correct answer rather than being required 
to speak. By this approach, it is possible to 
accomplish a reasonable amount of independ- 
ent testing of the various components of lan- 
guage. The patients included in this study 
were chosen from 142 patients who had been 
examined for possible aphasia during the 12 


From the sections of neurology and speech pathology, 
Mayo Clinic and Mayo Foundation, Rochester, Mi it 
The Mayo Foundation is a part of the Graduate School of 
the University of Minnesota. 

Read at the ninth annual meeting of the American Acad- 
emy of Neurology, Boston, Massachusetts, April 25, 1957. 
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months following September 1955. Of these, 
18 were not included because of insufficient 
testing data and 24 were considered not to 
fit the criteria for the diagnosis of aphasia. 
The remaining 100 were finally used in this 
study. 

Of these 100 patients, 84 were tested by 
the Minnesota test! and 16 by the Eisenson 
test.2_ However, in the analysis of data, only 
those test items were used that appeared to 
sample each language component as _inde- 
pendently as possible. The severity of the de- 
fect in each component was graded on the 
basis of 1 to 4. Thus, a grade 4 defect indi- 
cated that the patient missed all or essentially 
all of the items in the language component 
tested. In the receptive components of lis- 
tening and reading, a grade 4 defect would 
be equated with agnosia. 


RESULTS AND COMMENT 


General data concerning these 100 patients 
are given in table 1. Only the data on dura- 
tion and cause of aphasia need be discussed 
here. 

The patients often showed variability in the 
degree of involvement in different language 
components. Only nine of the 100 patients 
had defects limited to a single component, and 
the defect was grade 1 in each of these. Six- 
teen had involvement of two components and 
14 had involvement of three components. In 
half of these patients with involvement of two 
or three components, the defects were grade 1. 
The remaining 61 patients had involvement of 
all four language components. Thus, involve- 
ment limited to one language component was 
uncommon and, when it occurred, the defect 
was minimal. 

Groupings of Aphasic Defects. For some 
time, while we analyzed our test data, it ap- 
peared that there were more differences among 
patients than there were similarities. Because 
of this, one is tempted to say that among 100 
aphasic patients there are 100 different “types” 
of aphasia. However, if one accepts rather 
large general similarities, it became evident 
that our aphasic patients could be grow 
into four chief categories, although further ob- 
servations on more patients may well change 
these divisions. The first category included all 
patients with grade 3 or grade 4 defects of all 
four language components. We use the term 
“global” to designate this category. The sec- 
ond group consisted of those in whom reading 
alone was involved or in whom the reading 
defect was at least two grades more severe 
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TABLE 1 
DATA IN 100 APHASIC PATIENTS 
Categories Patients 
Sex 
Occupation 
Business and professional ............. . 48 
Farmer and skilled labor ....... ns 20 
Student ‘ 1 
Education (years of school) 
9 to 12 33 
Student 1 
Age at onset of aphasia, years 
Under 20 1 
20 to 29 : 4 
40 to 49 19 
Duration of aphasia 
10 to 60 days . 33 
3 to 11 months ......... 23 
33 


than were the defects in other language com- 
ponents. The third category consisted of pa- 
tients in whom only speaking or writing or 
both were involved, or in whom the defects 
in speaking or writing or both were more se- 
vere than those of other language components. 
The fourth category consisted of the remain- 
ing patients and was designated as that of 
mixed minor defects. 

Duration and Cause of Aphasia. Patients 
were examined any time from three days to 
25 years after the onset of aphasia. A total of 
44 patients were examined within the first 60 
days after onset, 23 in the third through the 
eleventh month, and 33 after more than a year 
had elapsed. Each of the four categories of 
aphasia was represented by patients in each 
of these three periods. Only one person in the 
global category was examined formally during 
the first nine days after onset, because such 
patients are often inaccessible for detailed 
studies during that time. 


TABLE 2 
ETIOLOGIC FACTORS IN 100 APHASIC PATIENTS 


Etiologic factor 


Type of aphasia Infarct Mass Other® Total 
Global 25 7 0 32 
Reading 10 2 1 13 
Speaking-writing 13 6 4 23 
Mixed minor 20 10 2 32 
Total 68 25 7 100 


*Posttraumatic (3), convulsive disorder (2), and 
indeterminate (2). 
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TABLE 3 
ASSOCIATED NEUROLOGIC SIGNS IN 100 APHASIC PATIENTS 

— Type of aphasi 

Global Reading Speaking-writing Mixed minor 
Neurologic signs (32 patients) (13 patients) (23 patients) (32 patients) Total 
Minimal or none 3 1 7 13 24 
No hemiplegia 5 ll 9 16 41 
Mild hemiplegia 3 2 9 8 22 
Severe hemiplegia 24 0 5 8 37 
Cortical anesthesia 4 3 6 5 18 
Deep anesthesia 10 0 2 6 18 
Hemianopsia 8 ll 2 7 28 


The relationship between etiologic factors 
and the aphasic defects is summarized in table 
2. There appeared to be no specific relation- 
ship between the type of aphasic defect and 
the cause of the lesion, except for the patients 
who had reading defects, in whom a relatively 
small proportion of mass lesions was present. 

Associated Neurologic Signs. Some interest- 
ing a were noted between the type 
of aphasic defect and other neurologic signs 
(table 3). The patients with global aphasia 
most frequently had other neurologic signs, 
most of which were severe. Patients who had 
predominant reading defects had the highest 
proportion of hemianopsia, but their other 
neurologic signs were the least frequent and 
least severe. The patients with predominant 
defects of speaking or writing or both had the 
highest proportion of the cortical type of anes- 
thesia. Patients with mixed minor defects were 
similar to those who had global aphasia, except 
that neurologic signs were often milder and 
almost half of the group were essentially free 
of neurologic signs other than aphasia. Three 
of the 32 patients who had global aphasia had 
minimal or no signs other than aphasia. 

Laterality of Lesions. The relationship be- 
tween the laterality of a lesion and the handed- 
ness of an aphasic patient has been of con- 
siderable interest and importance for a long 
time. The laterality of the lesion was deter- 
mined in this study by a combination of the 
history and neurologic signs (other than apha- 
sia), roentgenograms of the head, electroen- 
cephalographic findings, and operative proce- 
dures. The criteria used to establish laterality 
necessarily varied from patient to patient. In 


TABLE 4 
LATERALITY OF LESIONS AND HANDEDNESS 
N 100 APHASIC PATIENTS 


Side of lesion 


Handedness Left Right Both Unknown Total 
Right 79 3 3 4 89 
Left 3 1 0 0 4 
Ambidextrous 5 2 0 0 7 
Total 87 6 3 4 100 


determining handedness, we used as criteria 
the hand the patient considered as his pre- 
ferred hand and the hand he used for most 
skilled acts other than writing. Table 4 sum- 
marizes the data correlating handedness and 
laterality of lesions. 

In analyzing these data, we omitted those 
— in whom the lateralization was bi- 
ateral or unknown and considered only the 87 
patients with lesions in the left hemisphere 
and the six patients with lesions in the right 
hemisphere. The lesion was in the left hemi- 
sphere in 94 per cent of these 93 patients. 
Left-handed and ambidextrous patients com- 
posed 9 per cent of those with aphasia caused 
by a lesion in the left hemisphere, which is 
close to the incidence in the general popula- 
tion.* Exactly half the patients with aphasia 
resulting from lesions of the right hemisphere 
were left-handed or ambidextrous, which is 
far greater than the percentage of left-handed 
and ambidextrous persons in the general pop- 
ulation. The probability of this occurring by 
chance is less than one in 100. 

An analysis of the data on the basis of 
handedness gives a somewhat different per- 
spective. Aphasia was caused by lesions in 
the left hemisphere in 96 per cent of the right- 
handed patients, whereas such lesions were 
present in 73 per cent of the left-handed and 
ambidextrous patients. 

It is possible to make some limited gener- 
alizations on the basis of these data. In patients 
with aphasia, regardless of handedness, the 
great probability is that the causative lesion 
will be located in the left hemisphere. Among 
right-handed patients it can be predicted with 
near certainty that the lesion producing apha- 
sia will be in the left hemisphere. The pre- 
dictability among left-handed and ambidex- 
trous patients is less certain, but there is still 
a great likelihood of the lesion being in the 
left hemisphere. Left-handed and ambidex- 
trous patients are considerably more likely to 
have aphasia due to a lesion in the right hemi- 
sphere than are right-handed patients. 
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TABLE 5 
TYPE OF APHASIA RELATED TO LOCUS OF LESION IN 100 APHASIC PATIENTS 
Locus of lesions. 
Total I I and II ig II and II Il IV 

Type of aph localized No. % No. % No. % No. % No. % No. % Unknown 
Reading 

(13 patients ) 13 0 Oo 0 Oo 2 15 1 8 7 54 3 23 0 
Speaking-writing 

(23 patients ) 21 » 2 8 38 9 43 3 14 0 0 0 Oo 2 
Mixed minor 

(32 patients ) 29 1 3 5 17 14 48 9 31 0 #0 0 #0 3 
Global 

(32 patients ) 31 1 3 10 32 4 13 13 42 2 6 2 = 1 

Total 94 3 63 23 24 29 31 26 27 9 10 4 4 6 


Six of our patients had aphasia caused by 
lesions in the right hemisphere. All four cate- 
gories of aphasia were represented among 
these six patients. In one of the oo with 
grade 2 to grade 3 involvement of all language 
components, the defects persisted for at least 
eight months. Because the number observed 
is small, this problem requires further study. 
However, so far in our series, clear differences 
have not been demonstrated in the aphasic 
symptoms due to lesions in the right or the 
left hemisphere, or in right-handed, ambidex- 
trous, or left-handed patients. 

Localization of Lesions. The localization 
within a hemisphere of lesions producing apha- 
sia has been the subject of considerable con- 
troversy. In an effort to gain some informa- 
tion concerning this, we studied the correlation 
between the type of aphasia and the locus of 
the lesion. The locus of the lesion in the in- 
volved hemisphere was determined independ- 
ently and without knowledge of the specific 
aphasic phenomena of any of the patients and 
on the basis of the best information available 
in each patient. Minimal information in all 
instances included the clinical history, the neu- 
rologic examination, studies of the fundus, 
measurement of visual fields, and roentgeno- 
grams of the skull. Additional information was 
obtained in many patients from electroenceph- 
alograms, pneumoencephalograms, ventriculo- 
grams, angiograms, and surgical exploration. 
In only one case were necropsy data available. 

The loci were numbered for convenience as 
follows (figure 1): I, anterior temporal-pos- 


terior frontal; II, midtemporal-anterior pari- 
etal; III, posterior temporal-posterior parietal; 
and IV, anterior occipital. The category of 
“unknown” was utilized when information was 
not adequate for accurate localization. The 
accuracy of the clinical localization of these 
lesions is open to question; a somewhat com- 
parable study of localization has indicated 
that each of the various sources of, information 
for localization has an accuracy varying from 
81 per cent for the clinical examination to 95 
per cent for surgical exploration. By using 
a summation of various bits of evidence, we 
believe that our accuracy of localization lies 
somewhere between these two percentages. 
It is important to emphasize that by the word 
“locus” we imply a lesion involving a certain 
general mass of brain rather than specific “cor- 
tical areas.” In a number of instances, the evi- 
dence indicated that the lesion was large and 
implicated more than a single “locus.” Such 
lesions were designated as involving, for exam- 
ple, loci I and II. Three patients had bilateral 
occipital lesions, more extensive in the left 
hemisphere than the right; these were includ- 
ed in locus IV. 

The relationship between the type of apha- 
sia and the locus of the lesions is summarized 
in table 5. Only three patients had aphasia 
due to a lesion that appeared to be limited to 
locus I. In 49 of the 100 patients, the lesion 
appeared to be large enough to encompass two 
loci, either I and II, or II and III. Adequate 
evidence for accurate localization was absent 
in six patients. 


TABLE 6 


TOTAL LOCI INVOLVED (SINGLY AND COMBINED) IN 94 APHASIC PATIENTS WITH LOCALIZABLE LESIONS 


Total loci involved. 


Total I Il III 
Type of aphasia localized No. % No % No. % 
Reading 13 0 0 3 23 8 61 
Speaking-writing 21 9 43 20 95 3 14 
Mixed minor 29 6 21 28 96 9 31 
Global 31 11 35 27 7 15 48 


IV 
No. % 
3 23 
0 0 
0 0 
1 3 p 
— 


or 
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Patients with predominant defects of read- 
ing are represented graphically in figure 2. 
It is apparent that ten of the 13 patients in 
this group had lesions involving locus III or 
IV. Of the remaining three patients, one had 


Fic. 1. Diagram showing the regions of the brain in- 
cluded in the numerical loci used for localization of 
the lesions causing aphasia. 

Fic. 2. Location of lesions in the 13 patients who 
had defects of reading. 

Fic. 3. Location of lesions in 21 of the 23 patients 
who had defects of speaking or writing or both. The 
loci were unknown in the remaining two patients. 
Fic. 4. Location of lesions in 31 of the 32 patients 
who had global aphasia. The locus in the remaining 
patient was unknown. 

Fic. 5. Location of lesions in 29 of the 32 patients 
who had mixed minor defects. The loci were un- 
known in the remaining three patients. 


mvolvement of loci II and III, whereas two 
had lesions in locus II. 

Table 6 gives data on the 94 patients in 
whom accurate localization of lesions could 
be made. It is based on the total number of 
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times each locus was involved, either singly 
or in combination. For example, among the 
13 patients with predominant reading defects, 
locus II was involved a total of three times, 
it was the only locus in two patients, and it 
was involved with locus III in one patient. 
Thus, locus III was involved in a total of 61 
per cent of the patients with predominant 
reading defects, and locus IV was involved in 
a total of 23 per cent of them. Therefore, the 
lesions associated with this type of aphasia 
implicated one of the two posterior loci (III 
or IV) in 11 of these 13 patients (84 per 
cent). 

Patients with predominant defects of speak- 
ing or writing or both are represented graph- 
ically in figure 3. The locus was unknown in 
two of these 23 patients. Of the remaining 21, 
18 had lesions of locus iI, loci I and II, or 
locus I. This indicates a more anterior loca- 
tion of the lesions than in the group with 
predominant reading defects. The remaining 
three patients had lesions encompassing loci 
II and III. In only one patient in this category 
did the lesion appear to be limited to locus I. 
Involvement of locus II was common to 20 
of 21 (95 per cent) of the patients with pre- 
dominant defects of speaking or writing or 
both. 

Figure 4 illustrates the findings in the 32 
patients who had global aphasia. In 23 of 
these patients, the lesions were large enough 
to encompass two loci, thus indicating that 
global aphasia often is associated with more 
massive lesions. The locus was unknown in 
one instance. The lesions apparently were lim- 
ited to locus I in one patient, to locus II in 
four patients, to locus III in two patients, and 
to locus IV in one patient. As shown in table 
6, the lesions involved locus II in a total of 
87 per cent of the patients who had global 
aphasia. 

Figure 5 illustrates the findings in the 32 
patients who had mixed minor defects. As in 
the group with global aphasia, the lesions ap- 
peared to be concentrated in locus II (a total 


TABLE 7 
TYPE OF APHASIA AND SIZE OF LESION IN 94 
APHASIC PATIENTS WITH LOCALIZABLE LESIONS 


Small Large 

Total lesion lesion 
Type of aphasia localized No. % No. % 
Reading 13 12 92 1 8 
Speaking-writing 21 10 ll 52 
Mixed minor 29 15 52 14 48 
Global 31 8 23 «74 
Total 94 45 48 49 52 


of 96 per cent of the group), but there were 
fewer massive lesions and less tendency for 
extension toward locus I or III than in those 
with global defects. 

Analysis of these data correlating the ty 
of aphasia with the locus of the lesion as % 
termined by other clinical evidence can be 
used only to suggest possible trends because 
of the small series. However, among those pa- 
tients with predominant defects of reading, the 
locus of the lesion was most often in the pos- 
terior temporoparietal and anterior occipital 
region. Among patients with other types of 
aphasia, the predominant location centered 
around the midtemporal-anterior parietal re- 
gion. 
Table 7 relates the type of aphasia to the 
apparent size of the lesion as determined by 
other clinical evidence. Patients chiefly de- 
fective in reading ability usually had relatively 
small lesions, while those patients with global 
aphasia had predominantly massive lesions. 
Defects in speaking or writing or both, as well 
as mixed minor defects, were associated with 
approximately equal proportions of large and 
small lesions. 

Review of the data with the locus of the 
lesion as the focal point gives a somewhat dif- 
ferent perspective and has the possible ad- 
vantage of starting from the vantage point of 
cause and working toward the effect (table 8). 
In table 8, as in table 5, it is noted that the 
posterior loci were relatively heavily weighted 
with instances of predominant reading defects, 
whereas the other types of aphasia predom- 
inated in lesions of the anterior loci. This table 


TABLE 8 
LOCUS OF LESION RELATED TO TYPE OF APHASIA IN 100 APHASIC PATIENTS 
Type of aph 
Reading Speaking-writing Mixed minor 

Loci of lesion Patients No. % No. % No. % 
3 0 0 1 33 1 33 

I and II 23 0 0 8 34 5 22 
Il 29 2 6 9 33 14 48 
II and III 26 1 4 3 ll 9 34 
Ill 9 7 77 0 0 0 0 
IV 4 3 75 0 0 0 0 
Unknown 6 0 0 2 33 3 50 
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also re-emphasizes the observation that lesions 
in any of the loci can be associated with global 
aphasia. Thus, even if one knows reasonably 
well the location of the lesion producing apha- 
sia, it is not possible to predict the type of 


aphasia with any uniformity. 
SUMMARY AND CONCLUSIONS 


A study has been made at the Mayo Clinic 
of the general neurologic and language find- 
ings in 100 patients with lesions producing 
aphasia. Four chief types of aphasia were 
found, namely reading defects, defects in 
speaking or writing or both, “global” defects, 
and mixed minor defects. A defect limited 
to one language component was uncommon; 
when it occurred, the defect was minimal. 

Regardless of the handedness of the pa- 
tient, the great probability is that the lesions 
associated with aphasia will be located in the 
left hemisphere; this probability was 96 per 
cent among right-handed patients, whereas 
it was 73 per cent among left-handed and 
ambidextrous patients. 

Avhasia manifested mainly by defects in 
reading was often associated with homonymous 
hemianopsia and most often was caused by 
relatively small lesions. In 84 per cent of these 
cases, the lesions involved the posterior tem- 
porovarietal or anterior occipital region. 

Global aphasia often was associated with 
severe neurologic signs, including hemiplegia, 
hemianesthesia, and, at times, hemianopsia. 
The lesions in 74 per cent of the patients with 
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global aphasia were large. The lesions asso- 
ciated with global aphasia involved the mid- 
temporal-anterior parietal region in 87 per cent 
of the cases. 

Patients with predominant defects in speak- 
ing or writing or both often had associated 
milder neurologic deficits, including mild hemi- 
paresis and hypesthesia for discriminative sen- 
sation. Defects in speaking or writing or both 
were associated with a lesion implicating but 
not necessarily limited to the midtemporal- 
anterior parietal region in 95 per cent of the 
patients. The incidence of small lesions and 
of large lesions was equal in these patients. 

Mixed minor defects were associated with 
neurologic signs similar to those seen with 
global defects, except that the signs tended to 
be milder in degree. The incidence of small 
lesions and of large lesions also was equal in 
this group of patients. The lesion apparently 
involved but was not necessarily limited to the 
midtemporal-anterior parietal region in 96 per 
cent of the patients. 

This study suggests certain trends regarding 
lateralization and localization of the lesions in 
avhasia, but fails to supnort concepts of any 
absolute relationships. The loci of lesions are 
intended to imply involvement of a mass of 
cerebral tissue in variable depth and do not 
refer to cortical areas. The number of cases 
in each category of aphasia in this study is 
obviously small, and thus the various generali- 
zations must be subject to modification on the 
basis of further observations. 


3. Goonciass, and Quapraser, F. A.: Lan- 
guage laterality in left-handed aphasics. Brain 77: 
521, 1954. 

4. Yeacer, C. L., Batpes, E. J., Craic, W. McK., and 
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@ Both sides of the brain are doubtless automatic, motor and sensory, but one side 
(usually the left) in most ple must differ from the other, since disease of but one 
side (usually the left) nd -e a person unable to speak. On one side (usually the 
left) occurs the “dawn of volition and the cessation of automatic action,” which is, 
Spencer thinks, one and the same thing. I may here say that I do not make a total 
separation betwixt Perception and Expression by representing one as a complex 
development of sensation only, and the other of movement only. It is plain that, 
even in a spectral illusion, there are revived not only ideas of objects or colour, but 
of distance and solidity, and this necessitates a nascent excitation of the muscular 


movements associated in vision. 


J. Hughlings Jackson in Notes on the Physiology and Pathology 
of the Nervous System, published in 1868. 
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Spirodon (Tetrantoin): A New Anticonvulsant 


of the Hydantoin Group 


Tracy J. Putnam, M.D. and John Jacobs, M.D. 


SINCE THE INTRODUCTION of diphenylhydan- 
toin as a specific anticonvulsant selected on a 
theoretical basis and tested on laboratory ani- 
mals, as reported by Putnam and Merritt in 
1937,! an increasing number of similar drugs 
have been developed and placed on the mar- 
ket. Some have found wide use and others 
have been withdrawn. Each addition to the 
group has permitted control of a few more 
epileptics, but by now the competition is for- 
midable. 

Criteria of effectiveness and safety have not 
kept pace. Reports of new drugs often fail to 
present tables of percentages of patients kept 
seizure-free in the various diagnostic cate- 
gories. It is now clear that untreated patients 
whose seizures are of recent origin respond 
as a group more satisfactorily to any new drug 
than those who have had seizures over many 
years, despite the use of a variety of medica- 
tions. In two recent articles?;* an attempt was 
made to outline a “standard” method of treat- 
ment, aimed at determining the optimum drug 
or combination in the optimum dose for the 
individual patient. In these papers it was 
strongly recommended that a new drug should 
be tried at first only on patients who had not 
responded to the “standard” treatment with 
more familiar medicines. If it could then be 
demonstrated to be effective and safe, it de- 
served a place in medical practice and might 
with propriety be used on selected new cases. 
In one of these articles, also, a method of rapid 
selection by objective means of optimum medi- 
cation for the individual patient was de- 
scribed,* with the suggestion that it might 
prove an admirable screening method for new 
compounds. 


EXPERIMENTAL DATA 


Spirodon is the name given by the pharma- 
ceutical laboratories to their compound S2-676, 
whose formula is shown in figure 1. The simi- 
larity to diphenylhydantoin is obvious. $2-676 
was chosen from a series of analogs as having 
the highest protective ability and lowest tox- 
icity of the series, comparing favorably with 
established anticonvulsants. These studies have 
been reported by Hidalgo, Wilken, and See- 
bergt and by Hidalgo and Wilken.® In mice, 
rats, rabbits, cats, and dogs, the familiar toxic 
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effects of ataxia and drowsiness, lasting about 
48 hours, were the only ones observed. 

“By the oral route, no fatalities resulted in 
mice and rats after doses as large as 12 gm. 
kg. pod the LD50 dose was 
ound to be about 5 gm. per kg. Dogs toler- 
ated a single administration of 0.8 gm. per kg. 
with slight ataxia in one of two dogs. On re- 
eee administration, no change in liver or 
idney function could be detected in rabbits 
receiving 0.5 gm. per kg. five times weekly 
for two weeks. Groups of young rats given 
125, 250, and 500 mg. per kg. daily for five 
days a week for four weeks showed no inhibi- 
tion of growth, no significant changes in 
hematology, and no changes in organ weights 
when compared to a control group. Micro- 
scopic examination of the tissues was negative, 
except for evidence of a very slight inhibition 
of cell maturation in the bone marrow at the 
highest dose level. Acute toxicity experiments 
were also made on some derivatives of com- 
pound $2-676.”"4 

“It was found to have significant anticonvul- 
sant potency by both the maximal electroshock 
seizure pattern test and the Metrazol seizure 
threshold test. Active doses were well below 
those producing neurologic deficit, giving con- 
ventional protective indices (P.I.) of 5.6 and 
3.0, respectively. The minimal electroshock 
seizure threshold was also elevated (P.I. = 
6.1). Possible usefulness in both grand mal 
and petit mal epilepsy is indicated. Testing 
was performed in mice, rats, rabbits and cats. 
The activity of some analogues and derivatives 
was also investigated.”® 

Thus, laboratory studies suggested that 
$2-676 might be superior to other anticonvul- 
sants currently in common use. 


CLINICAL TRIAL ON OLD PATIENTS 


The first group of patients to whom Spiro- 
don was given comprised all of those seen in 
office practice and at the epilepsy out-patient 
department of the Cedars of Lebanon Hospi- 


From the Neurosurgical Clinic, Cedars of Lebanon Hos- 
pital, Los Angeles, Camarillo State Hospital, and the pri- 
vate practices of the authors, 

Expenses of this investigation were defrayed by a grant 
from the Cutter Laboratories to the Tracy J. Putnam Foun- 
dation, Inc., with contributions from the Fund for Re- 
search, Inc. 
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Fic. 1. Structural formulas of 
tetrantoin and phenytoin. 


tal who were not being maintained seizure- 
free after a protracted trial of the older drugs 
in maximal doses, according to methods de- 
scribed elsewhere.*:? Briefly, these principles 
are the following: 

1. Relatively well known and _ non-toxic 
drugs should be preferred to dangerous or 
untried ones. 

2. Treatment should always be started with 
a well-established drug (usually phenytoin) 
and others substituted or added only for clear 
cause. 

3. The dose of each drug used should be 
increased gradually until symptoms of overdos- 
age are produced; then it should be reduced 
slightly until symptoms of overdosage disap- 
pear. As a consequence of this rule, our dos- 
age schedule for most of the common drugs 
exceeds that usually given in the literature. 
The median dose of phenytoin in adults is 
0.6 gm. daily in our series. 

4. Therapeutic trials should be continued 
until the seizures are under control or until all 
available drugs have been tried. 

5. Adjuvant therapy, such as vigorous exer- 
cise, is advised routinely. 


SELECTION OF CASES—GROUP 1 


The total number of patients still having 
seizures in spite of rigid application of these 
principles, on whom Spirodon was given an 
adequate trial, is 40 (Group 1). They com- 
prise about 35 per cent of all the patients 
under active treatment. 

The patients ranged in age from five to 70 
years. Sixteen were children or adolescents 
and 14 were between the ages of 20 and 35. 
They were chosen from a group of patients 
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seen in private practice and in the out-patient 
department of the Cedars of Lebanon Hos- 
pital because they were refractory to other 
drugs, and all were known to us for periods 
of six months to 15 years before being changed 
to Spirodon. All had undergone repeated neu- 
rologic examinations and_ electroencephalo- 
graphic studies; most of them had repeat 
studies of blood and urine before taking the 
new drug. In all cases a systematic attempt 
had been made to give maximum doses of one 
or more representatives of each group of avail- 


able drugs. 


As an example of the extent to which previous 
medication was employed, we may cite the case 
of a married woman aged 46 when last seen in 
1955. She had been under the care of one of us 
since 1945. In 1940, she suffered a “stroke” with- 
out obvious cause and was left with a right hemi- 
plegia. As strength returned to the right hand, 
it began to twitch intermittently, then during most 
of her waking hours. A surgeon explored her motor 
cortex and removed a portion. When she recov- 
ered from the operation, the spasmodic movements 
of the right hand were practically constant and 
extremely severe. 

She was given large doses of anticonvulsants 
as they became available, including phenobarbital 
up to 2.0 gm. daily, phenytoin to 1.6 gm. daily, 
and comparable doses of Mesantoin, primidone, 
trimethadione, Milontin, glutamic acid, ampheta- 
mine, and paraldehyde. Of these, phenytoin 
seemed the most helpful, but she still had fre- 
quent focal seizures in the hand and came from 
New York to California seeking relief. 

She had an obvious right hemiparesis and the 
scar of a boneflap operation over the left parietal 
area, Electroencephalograms showed a sharp wave 
focus over the left vertex. Pneumoencephalograms 
were available, showing an enlarged left ventricle. 
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She was placed on Spirodon, which was grad- 
ually substituted for all of the phenytoin. Even- 
tually she took 2.5 gm. daily. The spasms of the 
right hand are now only occasional (grade 3) 
and she is doing her housework and carrying on 
a reasonably normal life. 


DOSAGE AND TOXICITY 


In this group of patients, Spirodon was ad- 
ministered as a single daily dose of 0.5 gm., 
in addition to the medicines the patient was 
already taking with incomplete success. If 
it was well tolerated and appeared helpful, 
the dose was increased by 0.5 gm. weekly 
until tolerance was reached. The entire dose 
of all anticonvulsants was usually given at 
night, as is our general policy. 

In all cases, toxic symptoms were deliber- 
ately provoked by systematically increasing 
the dosage until they occurred, usually at a 
level of 5.0 to 6.0 gm. daily. They consisted 
of drowsiness, dizziness, ataxia, nystagmus, 
and nausea. The patient was usually comfort- 
able when the dose was reduced by 1 tablet 
(0.5 gm.). Eight patients are taking doses 
over 6.0 gm. daily without symptoms. The 
majority are comfortable on 2.0 to 3.0 gm. 
daily. 

In 13 cases, however, toxic symptoms oc- 
curred at levels of 0.5 to 2.0 gm.—a dose too 
low to produce therapeutic results in any case. 

1. Rash. The most troublesome of the side 
effects were the rashes, seen in eight cases. 
In most, it was a maculopapular eruption be- 
ginning as dull rose colored papules on the 
trunk and dorsum of the forearm and gradu- 
ally coalescing to present a beefy-red papular 
surface. The flexor aspect of the arms, the 
back of the neck, and. the lower legs were 
spared. In all except two cases, it disappeared 
within three or four days after discontinuation 
of the drug. In these cases, however, the rash 
was more severe, lasting over a week, with 
fever over 101° F. In one case mild exfolia- 
tion occurred. Antihistaminics and cortico- 
tropin appeared to be helpful. In many in- 
stances of rash following administration of 
phenytoin or Mesantoin, the rash disappears if 
the dose is reduced or omitted for a few days, 
but we could not get any patients who devel- 
oped rashes re-established on Spirodon. Fur- 
ther attempts should be made, however. 

2. Nausea and vomiting were severe enough 
in four cases to cause discontinuation of the 
drug. No hematemesis, diarrhea, constipation, 
or cramps were observed. 

3. Confusion was the rather indefinite but 
incapacitating complaint in four patients who 
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were unwilling to continue taking the drug. 

4. Fever was observed in three cases (in- 
cluding the two in which it accompanied a 
rash). In the third case, the fever did not re- 
appear after a temporary suspension of the 
drug. 

There was no complaint of headache, di- 
plopia, sensitiveness to light, excessive perspi- 
ration, unusual growth of hair, or hypertro hi 
of the gums. The patients did not gain or ie 
weight to a noticeable extent. 

Careful, complete blood counts were done 
regularly in all cases. In only one case was 
any significant change observed, and in this 
case the outcome was fatal. 

An unmarried girl of 22 was first seen in Sep- 
tember 1953. At that time she complained of re- 
current petit mal seizures beginning when she was 
12 years old. They occurred several times weekly 
for a year, then ceased without medication, and 
then reappeared at age 14. She was placed on 
trimethadione 1.0 gm. daily, but shortly there- 
after she developed grand mal seizures which have 
continued at the rate of five to six per year up to 
the time of consultation. The petit mal seizures 
occurred in groups every one to two weeks. 
Phenytoin (Dilantin) and phenantoin (Mesan- 
toin) had been tried in maximal doses without 
effect. 

The neurologic and general physical examina- 
tions were within normal limits, as were routine 
laboratory studies. Electroencephalograms and 
roentgenograms of the skull were normal. 

As the patient had come to our care from a 
distant state and since her seizures rendered her 
practically an invalid, endangering her attendance 
at college, a drastic step seemed justified. Since 
the electroencephalogram was normal, a_ rapid 
determination of optimum medication could not 
be carried out. Accordingly, an intensive or nar- 
cosis treatment was undertaken. She was hospi- 
talized with special nurses and given 4.0 gm. of 
phenytoin daily for four days, with the usual adju- 
vants and precautions. Her recovery was slower 
than usual, but she was discharged from the hos- 
pital in 20 days. She was given 0.3 gm. pheny- 
toin and 0.3 gm. phenantoin daily when she re- 
turned to the care of her local physician. 

According to reports from him, she remained 
seizure-free on this medication until February 
1954. when she had two convulsions and from this 
time on she was never completely free from at- 
tacks. Various combinations of medicines were 
given, including primidone (Mysoline) and phen- 
succimide (Milontin). In November 1956 she 
was placed on phenantoin 0.2 gm. and phensuc- 
cimide 0.5 gm. As this combination was also in- 
effective, we suggested that tetrantoin might be 
added and sent some to the physician in charge. 
She was put on a combination of tetrantoin 1.5 
gm. and phensuccimide 1.0 gm. daily in Decem- 

r 1956, which kept her seizure-free. 
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Blood counts were taken during all this time 
at irregular intervals, usually every one to two 
months. The white blood count had not fallen 
below 6,000 until May 17, when it was 4,100; the 
patient remained well. 

On June 5, 1957 the patient developed head- 
aches and numerous ecchymoses all over her body, 
1 to 5 cm. in diameter. She also had bleeding 
from the vagina. Her red blood count was 
3,500,000, hemoglobin 10 mg., white blood count 
2,000 cells, all lymphocytes. All anticonvulsant 
medication was discontinued and she was treated 
by transfusions and ACTH. Despite these meas- 
ures, she went downhill, bleeding 250 cc. per day 
by vagina. Clotting and poms Sat times were 
normal. The white blood count dropped to 100, 
bone marrow smears showed a complete absence 
of cells of the leukocyte series, and she expired 
on June 19, 1957. No autopsy was performed. 

In this case, the agranulocytosis is presum- 
ably to be ascribed to the moderate dose of 
tetrantoin. She had been taking phensuccini- 
mide over a longer period, but no cases of 
blood dyscrasia are reported from it. 

In another case, death from agranulocytosis oc- 
curred some weeks after the use of Spirodon was 
discontinued, apparently attributable to the con- 
tinued use of acetazolamide. A married woman 
of 25 was referred to us on October 11, 1954 with 
a complaint of seizures of 18 months’ duration. 
Each one was followed by a period of confusion 
of several hours’ duration. Her memory became 
impaired. An electroencephalogram on February 
16, 1954 was reported to have shown “epileptic 
activity with paroxysmal significance and a sharp 
burst of waves from the right temporal area.” 
Phenytoin, phenobarbital, and phensuccimide had 
been tried without success. She had just become 
pregnant. 

She was next tried on a combination of pheny- 
toin 0.5 gm. and paramethadione 3.5 gm. daily, 
but continued having attacks. For financial rea- 
sons, she felt unable to have another electro- 
encephalogram performed, but had blood counts 
monthly. She continued having attacks. 

On February 8, 1955 Spirodon was added to 
the above dosage of phenytoin and parametha- 
dione. Her baby was delivered on March 21, 


1955. By April she was taking 2.0 gm. Spirodon, 
3 gm. paramethadione, and no phenytoin. The 
seizures became much milder and were reduced in 
frequency. The blood count remained normal. On 
July 13 acetazolamide in a daily dose of 750 mg. 
was added to the medication in the hopes of con- 
trolling the few minor attacks. Spirodon was in- 
creased to 6.5 gm. daily and paramethadione 
omitted. 

On September 16 the white blood cell count was 
8,850. On October 8 there was a sudden drop 
in the white blood cell count to 1,000 per cu. mm. 
Spirodon was omitted at once. On October 10 
she began to have bleeding from the gums and 
was hospitalized by her obstetrician. At this time 
the white cell count was down to 1,000, the red 
cell count was 3,300,000, platelets 30,000, and 
the prothrombin, bleeding, and clotting times were 
greatly prolonged. She was transfused and sup- 
portive measures were administered, but the use 
of phenytoin and acetazolamide was continued. 
Profound bone marrow depression was found by 
sternal puncture. 

She responded well to treatment and was con- 
sidered out of danger. On November 7, 1955 she 
had a sudden relapse and died. 

Autopsy showed a small astrocytoma, 1.3 cm. 
in circumference, in the left temporal lobe of the 
brain. The bone marrow was atrophic, showing 
a cellularity of approximately 3 per cent. The 
cells consisted of scattered reticuloendothelial 
cells, many round and scattered lymphoid cells, 
and a few normoblasts. Myeloid cells and imma- 
ture megacaryocytes were present. Most of the 
marrow was occupied by fat. There were fresh 
hemorrhages into the intestinal tract, lungs, and 
heart muscle. It was the pathologist’s opinion that 
death was due to acetazolamide poisoning. 


RESULTS 


Table 1 summarizes these patients accord- 
ing to the symptomatic classification of the 
seizures. Clearly, the largest proportion of 
good results was seen in cases in which grand 
mal was the presenting symptom. The cases 
of petit mal and psychomotor attacks are not 
sufficiently numerous to justify more than an 
impression. 


TABLE 1 
RESULTS OF USE OF SPIRODON IN 40 PATIENTS UNRELIEVED BY OTHER DRUGS 


Still on Spirodon 
No longer on Spirodon 


17 (15 seizure-free ) 
1 


Toxic symptoms 14 
Number of Patients Still Result, Grade 
with Taking Stopped 4 3 2 1 0 Toxic 
Grand mal 14°+ 15+ 15 4 0 1 0 610 
Petit mal 0 2 1 0 0 0 1 2 
Psychomotor 0 1 0 0 0 2 1 
Focal 3° 2+ 2 2 0 0 1 1 


*In seven cases in which petit mal coexisted with grand mal, both were arrested. In one case in which psychomotor 


and focal attacks coexisted, only the latter were arrested. 


tIn five cases, effective only when used in combination with other drugs previously ineffective. 


One died of intercurrent illness, one of agranulocytosis. 
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As will be seen, the results were excellent 
in obviously focal attacks. In 11 additional 
cases, the seizures, although clinically of the 
grand mal type, seemed attributable to an in- 
jury, encephalitis, or other destructive —_—_ 
Spirodon was found to be the drug of choice 
in four of these, but was discontinued in two 
of the successful cases for external reasons. 
Five patients with a fairly clear history of en- 
cephalitis and mental retardation all did poorly 
on this, as on other types of medication and 
the narcosis treatment, but one of normal men- 
tality became seizure-free for the first time. 


EFFECT OF TETRANTOIN ON THE 
ELECTROENCEPHALOGRAM 


As is well known, it is usually difficult to 
detect the effect of therapeutic doses of the 
usual anticonvulsants on the electroencephalo- 
gram, and this has been our experience with 
tetrantoin, also. It is, however, often possible 
to select the optimum medication for a given 


REFERENCES 

1. Putnam, T. J., and Merritt, H. H.: Experimental 
determination of the anticonvulsant properties of 
some phenyl derivatives. Science 85:525, 1937. 

2. Putnam, T. J., and RotrHenserc, S. F.: Results of 
intensive (narcosis) and standard medical treatment 
of epilepsy. J.A.M.A. 152:1400, 1953. 

3. Putnam, T. J., RornHensenc, S. F., and Berce., N.: 
Rapid determination of optimum medication in recal- 


NEUROLOGY 


TABLE 2 
SPIRODON—Toxic Symptoms 1n 13 Cases. (Group 1) 


Rash 

Confusion 
Nausea, vomiting 
Fever 

Headache 
Dizziness 
Drowsiness 
Agranulocytosis 


patient by studying the effect of large doses of 
various drugs on the electroencephalogram— 
the so-called rapid determination of optimum 
medication.* Tetrantoin was tested in this man- 
ner in ten cases (including three in the above 
40 cases). It proved the best of those avail- 
able in four. This is comparable to the results 
with phenytoin, which was the best in the 
series in 14 of 47 cases, second best in seven 
more. Next came phenobarbital, best in nine 
out of 40 cases, second best in six. The pres- 
ent relative standing of various drugs is shown 
in table 3. 
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TABLE 3 
RELATIVE EFFECTIVENESS OF VARIOUS DRUGS 


Dose, Gm. No. of Cases Best Second Made Worse “Toxic” Waves 
Phenytoin 1.0 47 14 7 2 0 
Trimethadione 2.0 47 t 8 5 1 
Mesantoin 1.0 47 4d 6 4 2 
Phenobarbital 1.0 40 9 6 2 4 
Phenacemide 75 33 3 0 ll 3 
Paramethadione 2.0 35 5 4 7 0 
AC 268 2.0 27 3 1 5 0 
Phethenylate 2.0 20 0 2 4 0 
Phensuccimide 3.5 19 1 1 2 0 
Gluatmic acid 30.0 18 0 2 0 0 
Primidone 1.5 17 2 1 3 - 
Tetrantoin 6.0 10 4 0 0 0 
Celontin 3.0 2 0 1 1 0 
Peganone 2.5 2 0 0 0 0 
Chlorpromazine 0.1 1 0 0 0 0 
Number of Best or Second 
Cases Psycho- Best or Second Dysrhythmia Types® 
Improved GM PM motor® I1-2c/s 3-4c/s 5-7 c/s spike rapid 
Phenytoin 21 20 2 6 1 6 9 2 2 
Trimethadione 12 10 2 1 2 5 4 1 0 
Mesantoin 10 3 2 2 0 0 7 1 0 
Phenobarbital 15 15 2 3 4 6 : 0 2 
Phenacemide 3 3 0 1 1 0 1 0 0 
Paramethadione 19 6 1 2 1 5 3 2 0 
AC 268 4 0 0 1 1 0 0 0 0 
Phethenylate 2 2 0 0 0 1 0 1 0 
Phensuccimide 2 2 1 0 0 1 0 0 1 
Glutamic acid 2 2 0 2 0 1 0 0 0 
Primidone 3 3 2 0 0 2 1 0 0 
Tetrantoin 4 4 0 0 0 2 2 0 0 
Celontin 2 1 0 1 0 1 1 0 (i) 


*When more than one type was improved in the same case, all are listed. 
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Hydatid Cyst of the Brain and Jts Treatment 


B. Griponissiotis, M.D. 


Ecuinococcus cyst of the brain is not encoun- 
tered as frequently in Greece as it is in some 
other countries where this condition is preva- 
lent. This may be due to failure to recognize 
the condition, since the neurosurgical service 
has only recently been organized here. To 
date 14 cases have been reported from Greece 
by Patrikios, Coccalis, Carajanopoulos, Sba- 
rounis, Heliades, and Deconomou, and eight 
cases have been operated upon in the clinic 
of Maccas. Since 1951 the author has per- 
formed 441 intracranial operations, including 
five hydatid cysts, or 1.1 per cent. In this 
series there were 305 cases of brain tumor; 
thus 1.6 per cent of these were hydatid cysts. 
Three other cases were seen during the period 
from 1935 to 1942. 

One of the reasons why echinococcus cysts 
are so rare in the central nervous system is 
that the larvae have difficulty in passing 
through the capillaries of the liver and the 
lungs. In fact, since these capillaries serve as 
a filter which removes these organisms from 
the circulation, the liver and lungs serve as 
the most common sites for this disease. Of 
course, it must be recognized that occasion- 
ally the organism may bypass the lungs and 
reach the brain by way of a patent foramen 
ovale in the interauricular septum. In other 
instances, a cyst may rupture in the lung, 
emptying many scolices into a pulmonary vein. 
These may then be transported to the brain 
as well as elsewhere in the body. Another 
possibility to be considered is the rupture of 
a primary cyst in the left side of the heart. 
Such ruptures occur most frequently in chil- 
dren and result in multiple cysts in the brain 
and in other organs of the body. Figure 1 
shows typical multiple cysts within the brain, 
but in this case necropsy failed to reveal any 
primary cyst in the heart or any other organ. 

Usually echinococcus cysts in the brain are 
single, but due to the soft non-resistant char- 
acter of brain tissue they are usually large. 
Secondary or daughter cysts result from rup- 
ture of the primary cyst. This may result from 
injury to the skull. In one case, in addition 
to the main cyst in the brain, we found nvu- 
merous daughter cysts between the dura mater 
and the bone. These we attributed to injury 
which caused a rupture of the primary cyst 
attached to the dura mater. ans 


The cysts within the brain typically have 
thin walls and are devoid of villi. However, 
in one of our cases, the wall was very thick 
and the inner surface contained islets of villi. 
This abnormality was of the type which Dévé 
called Cutiléme or Chitonéme. We are in- 
debted to Professor Coutelen whose investi- 
gation established the nature of the unusual 
cyst in our case. He demonstrated the thick, 
porous wall with islets of villi at intervals upon 
its inner surface (figure 2). 

Echinococcus cysts do not invade the brain 
but only compress it. The brain, in turn, usu- 
ally develops a thin gliotic membrane about 
the cyst, but this is not a true capsule. Hy- 
datid cysts are much more common in chil- 
dren than in adults. This probably results 
from the fact that children associate more 
closely with dogs and are not aware of the 
importance of hygienic and sanitary principles. 
Seven of our eight cases were children under 
age ten. The only adult was 45 years old. 

The two most common complications of 
hydatid cysts are 1) secondary infection and 
2) rupture of the primary cyst into the sub- 
arachnoid spaces or the ventricles with wide- 
spread dissemination of the infestation. In 
our experience echinococcus cysts occur most 
frequently in the parieto-occipital region. Such 
was the location in five of our eight cases. The 
others were in the frontal and frontoparietal 
regions of the cerebrum or in the posterior 
fossa. 

The clinical picture develops slowly and 
resembles that of a cystic astrocytoma. Usu- 
ally the general health of the patient is good 
and evidence of hydatid cysts elsewhere in 
the body is uncommon. The most conspicu- 
ous symptoms are those of increased intra- 
cranial pressure. In children this includes en- 
largement of the head. Localizing manifes- 
tations are mainly hemiplegia and sensory and 
visual disturbances. Unfortunately, many of 
these patients lose their vision before the con- 
dition is recognized and relieved. Trembling 
of the extremities may occur and many of our 
patients suffered from convulsions. 

The differential diagnosis is not easily made, 
particularly in adults where these cysts are 
usually mistaken for neoplasms. In children 
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one may suspect the nature of the trouble be- 
cause of the evidence of cerebral involvement 


and the presence of convulsions. Ordinary 
roentgenograms of the skull will reveal evi- 
dence of increased intracranial pressure and 
may demonstrate erosion of the bone over- 
lying the cyst. Unfortunately specific tests 
such as Casoni’s reaction and Weinberg’s find- 
ings in the blood are not always positive. An 
eosinophilia is also frequently absent. 
Ventriculography is a very helpful diagnos- 
tic procedure, but it should be avoided in 
cases where a hydatid cyst is suspected be- 
cause of the inherent danger. If the cyst is 
punctured in the process of making a ven- 
triculogram, one is apt to release the scolices 
and disseminate the disease widely. If ven- 
triculography is necessary, one should punc- 
ture the lateral ventricle on the side opposite 
the suspected cyst. Cerebral angiography, on 
the other hand, is a very helpful and a much 
safer procedure. The important points in cere- 
bral angiography which enable one to both 
localize and diagnose a hydatid cyst are: 1) 
the lack of vessels in the region of the cyst and 
2) the circular displacement of the blood ves- 
sels of the brain about the periphery of the 


Fic. 1. Multiple hydatid cysts in one cerebral 
hemisphere. 


Fic. 2. The internal surface of the wall of a 
hydatid cyst. 


Fic. 3. Cerebral angiogram made by injecting 
the dye into the right brachial artery. Note the 
straight vessels overlying a cyst in the parietal 
area. 


cyst and straightening of the vessels overlying 
the cyst (figure 3). Because the majority of 
these patients are children, we make our cere- 
bral angiograms by exposing and puncturing 
the right brachial artery in the lower third of 
the upper arm, after the method of Gould. 
In this way it is possible to outline the entire 
vascular tree of the ipsilateral hemisphere and, 
if the opposite carotid is compressed, the cir- 
culation of the opposite hemisphere can usu- 
ally be visualized as well. 
Electroencephalography is apparently help- 
ful, as it is in the diagnosis of cerebral tu- 
mors, but we have had no experience with it. 
The treatment of echinococcus cyst of the 
brain is surgical. The old method of evacu- 
ating the cyst through a small burr hole is not 
recommended because of the danger of spread- 
ing the infestation. The proper method is to 
remove the cyst intact after making a large 
osteoplastic craniotomy. The technic outlined 
by Dowling and Arana and their colleagues 
is the most satisfactory. After a large osteo- 
plastic flap is reflected, the brain is incised to 
permit the cyst to escape. The cyst should not 
be punctured. Arana and San Julian first ad- 
vocated forcing the cyst from its bed by inject- 
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ing air into the opposite lateral ventricle. Later 
they found that injecting normal saline be- 
tween the cyst and the brain was a better 
procedure. We had arrived at this same tech- 
nic independently and have used it since 1952. 
It is our practice to inject normal saline be- 
tween the cyst and the brain through a metal 
nozzle (figures 4 to 8). The saline gradually 
is forced back of the cyst and lifts it from 
its bed in the brain. This method works well 
in most cases. For the occasional case where 
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Fic. 4 to 8. The surgical removal of a hydatid cyst 
from the brain. Fic. 4. The flattened cortex over- 
lying the cyst. Fic. 5. The cortex is incised and the 
cyst begins to protrude. Fic. 6. Extrusion of the cyst 
progresses. Fic. 7. Removal of the cyst is aided by 
the injection of saline between the cyst and the 
brain. Fic. The cavity remaining after complete 
extirpation of the cyst. 


it is not suitable either because the cyst is too 
large or too deeply situated, it is best to first 
sterilize the cyst by puncturing it and inject- 
ing formalin into it. After the cyst has been 
emptied, the opening caused by the needle 
is covered with cotton soaked in formalin. The 
wall of the cyst is then removed. The cavity 
left after the cyst has been removed should 
also be washed with formalin. 

In cases where the hydatid cyst has become 
infected secondarily, it should be treated like 
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an abscess. After the cyst has been punctured, 
sterilized, evacuated, and removed, antibiotics 
should be used. 
Frequently the postoperative period is com- 
eg me by restlessness and fever during the 
rst few days. Formerly this was attributed 
to the contents of the cyst which had been 
spilled during the operation. It is now obvi- 
ous that this explanation is erroneous, for the 
same complications may occur when the cyst 
has been removed intact. Rather it seems 
that this postoperative state results from the 
disturbance of the intracranial equilibrium 
brought on by the removal of this large cyst. 
Some patients develop a hyperthermia and 
markedly increased intracranial pressure with 
protrusion of the operative site. The patient's 
condition improves following puncture and 
aspiration of the — site. 
Two of our eight patients died postopera- 
tively, one from infection and one from Re - 
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orrhage resulting from an attempt to remove 
a very thick capsule. This experience demon- 
strated the inadvisability of trying to remove 
cysts with thick capsules. One other patient 
developed Jacksonian seizures which occur at 
long intervals. Despite the fact that the cyst 
was punctured in half of our cases either in- 
tentionally or accidentally, only one has shown 
evidence of recurrence. It is our opinion that 
this favorable situation is the result of the pre- 
cautions taken to sterilize the contents of the 
cyst with formalin. 


SUMMARY 


The problem presented by echinococcus 
cysts of the brain as it occurs in Greece is 
outlined. The most effective means of recog- 
nition and treatment are described. Eight pa- 
tients were operated upon, with two Soothe, 
one recurrence, and one patient who devel- 
oped Jacksonian convulsions. 
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Masson et 


@ Drs. Gall and Spurzheim maintain that the brain and cerebellum are originally 
derived from bundles of fibres contained in the medulla oblongata, and that all the 
— of the nervous system, the brain, the cerebellum, and the spinal marrow, are 

uble, and have a common connection by means of commissures, ganglia, or nervous 
cords, each set of nerves having a connection more or less intimate, according to the 
= functions which they are destined to perform. They think that the convo- 
lutions of the brain are formed by an union or tissue of diverging and converging 
fibres, beyond which tissue each duplication may be easily separated into two layers 
by gentle extension with the fingers, by the injection of water, or by the application 
of a small but constant force, as in hydrocephalus; and thus the doublings may be 
evolved into a kind of membranous expansion, covered externally by grey substance. 
In cases of hydrocephalus, where the brain has been considered as destroyed, the 
mental faculties remaining, these anatomists assert that the convolutions are not 


destroyed, but only evolved or stretched. 


John Cooke in A Treatise on Nervous Diseases, 
published in 1824. 
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Neurologic Diagnosis of Pancreatic 


Islet Cell Adenoma with Hyperinsulinism 


J. C. Richardson, M.D. and F. M. Hill, M.D. 


Ir 1s THE PURPOSE of this report to review and 
classify the neurologic effects of hyperinsulin- 
ism in cases of functioning islet cell tumors of 
the pancreas. It is an important rare clinical 
disorder with aspects of interest to many di- 
verse specialists, particularly the hysician 
working in metabolic disorders, the a ominal 
surgeon, and the neurologist. It is one of those 
conditions in which accurate diagnosis may 
lead to dramatic surgical cure, whereas failure 
of recognition results in death or dreadful dis- 
ability from brain damage. The material here 
recorded is based chiefly on a review of six 
selected cases in which there was a verified 
islet cell tumor of the pancreas. 

Knowledge of this subject has accumulated 
gradually over the last 25 years. In 1922 
Banting and Best! reported their original work 
on insulin, and in the same year Fletcher and 
Campbell? described the symptom-complex of 
hypoglycemia produced by insulin overdosage. 
In 1924 Harris* and others suggested that an 
identical clinical picture with spontaneous hy- 
poglycemia might be due to overactive or neo- 
plastic islet cells. The first detailed case study 
was reported by Wilder* in 1927, the hyper- 
insulinism here being due to an islet cell car- 
cinoma with liver metastases demonstrated at 
operation. The first surgical cure was reported 
by Howland and co-workers® in 1929. In 1933 
Whipple® described his triad of findings: oc- 
currence of attack with fasting, bl sugar 
50 or below during attack, and termination 
of attack by administration of glucose. This 
is still recognized as the basis of clinical diag- 
nosis. By 1950 Howard, Moss, and Rhoads? 
were able to review 398 recorded cases of 
hyperinsulinism due to islet cell tumors. The 
neurologic signs and symptoms of hyperinsu- 
linism have been noted by many authors, and 
there are a few reports of the associated neu- 
ropathology. 

In January 1956 a case of hyperinsulinism 
due to islet cell tumor was studied at the 
Toronto General Hospital, and treatment was 
undertaken before the stage of serious brain 
damage. This patient presented many of the 
essential symptoms of organic hyperinsulinism 
and will be reported. As frequently occurs in 
these cases, he was referred for neurologic in- 


vestigation because of spells with loss of con- 
sciousness. 


CASE REPORT 


A 31 year old male factory worker had periodic 
symptoms typical of a duodenal ulcer from the 
age of 18, with radiologic demonstration of the 
ulcer in 1954. In the fall of that year his sym 
toms recurred and he also began to have poe 
of weakness and sweating. In January 1955 he 
was admitted to a hospital with pyloric obstruc- 
tion and responded well to gastric suction and in- 
travenous fluids given over one week. On the day 
these were discontinued he became drowsy and 
confused and a few hours later had a generalized 
convulsion. He recovered and a few weeks later 
a subtotal gastrectomy was performed. Postop- 
eratively intravenous fluids were given for four 
days. — on the day these were stopped he 
became drowsy, confused, had a generalized con- 
vulsion, and remained comatose for 24 hours. He 
was able to leave the hospital a few days later, 
feeling and eating well. 

Over the next year he noted that he frequently 
felt confused and staggered for about ten minutes 
after getting up in the morning and for longer 
periods after a long walk. His wife reported re- 
peated attacks of restlessness with drenching 
sweats occurring about 1:30 a.m. The patient 
could not be roused during these episodes and had 
no recollection of them. His wife also noticed that 
he was becoming slower mentally and that his 
memory was very poor at times. 

In April 1955 he had a third convulsion after 
strenuous physical exertion. An electroencephalo- 
gram following this revealed a mild frontal ab- 
normality, epileptic in type. In July, following 
another convulsion, he was started on anticonvul- 
sant drugs, but his symptoms persisted. In August 
he had to stop work because of increasing fatigue, 
weakness, and confusion. His job entailed —e 
tive manual movements and he noted that about 
midmorning his right arm felt numb and para- 
lyzed, in association with generalized weakness 
and sweating. When walking his right leg occa- 
sionally was affected similarly. His appetite re- 
mained good, he gained 20 pounds in weight, and 
he noted that he could prevent or relieve some of 
his attacks at work by eating. In December he 
had another convulsion and was referred for in- 
vestigation. 

Clinical course. The patient was admitted to the 
medical service of the Toronto General Hospital 
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on January 4, 1956. General physical examination 
revealed no abnormalities apart from flabby obesity 
and several abdominal scars. He could not remem- 
ber the details of his history, although his memory 
improved at times. His speech was consistently 
slurred. Transient neurologic changes were ob- 
served, including hyperactive tendon jerks with 
Babinski and Hoffman signs on the left on one 
occasion and on the right during another exam- 
ination. Skull roentgenograms were normal. An 
electroencephalogram showed a well organized 
10 cps. alpha rhythm interrupted by bursts from 
the frontal region of five to six cps. waves of twice 
the alpha voltage. This paroxysmal activity was 
most prominent during hyperventilation from the 
frontal regions, but in the transverse run it was 
more prominent from the left temporal region. A 
later electroencephalogram showed some irregular 
paroxysmal slow activity from the frontal regions, 
particularly on the right side. Fasting blood sugars 
varied between 76 and 115 mg. per cent (Folin- 
Wu). An oral glucose tolerance test yielded a 
diabetic type of curve over the first four hours, 
with a five-hour level of 92 mg. per cent. With 
no further oral intake and with vigorous physical 
exercise, the patient was sweating and fatigued at 
eight and one-half hours (blood sugar 57 mg. per 
cent). He then went to bed; at eleven and one- 
half hours he could not be roused and soon had 
a generalized convulsion with eyes open and 
thrashing movements of all four limbs (blood 
sugar 32 mg. per cent). He recovered immedi- 
ately with intravenous 50 per cent glucose solu- 
tion. 

A diagnosis of a functioning islet cell tumor was 
made, and at operation a purplish tumor nodule 
1.5 cm. in diameter was found in the head of the 
pancreas. The insulin content of the tumor was 
very high and the surrounding pancreatic tissue 
removed with the tumor revealed hypertrophy and 
hyperplasia of the islets of Langerhans, with an 
insulin content twice normal. Postoperatively the 
fasting blood sugar values leveled off at about 
125 mg. per cent, even with a prolonged period 
of fasting. 


CASE SUMMARY 


This man’s symptoms were noted for one 
and a half to two years prior to operation. 
He suffered drowsiness, confusion, coma, and 
grand mal convulsions. There were episodes 
of weakness and sweating. He experienced 
staggering and transient numbness and weak- 
ness of the right arm and less often of the right 
leg. It should be noted that his major convul- 
sions always followed a period of quiet coma. 
The timing and circumstances surrounding the 
symptoms are significant. The deeper coma- 
tose states with convulsion occurred after stim- 
ulation by intravenous glucose in the hospital 
and after exercise and fasting. The morning 
wakening symptoms of drowsiness, confusion, 


and staggering were prominent. In addition 
to the episodic symptoms, he showed a steady 
mental deterioration which was only mild and 
not disabling, however. 


REVIEW OF OTHER CASE MATERIAL 


In the records of the Toronto General Hos- 
"any over the last 20 years, there were only 
ve other cases of functioning islet cell tumors 
with detailed clinical records. This small group 
is of no statistical value but does show many 
important points in regard to diagnosis, clin- 
ical course, and treatment. Two of the cases 
were verified only at autopsy. In one the diag- 
nosis had been missed tragically, in spite of 
the finding of a low blood sugar during a state 
of coma. The other fatal case was one report- 
ed by Tom and Richardson* with wasting and 
weakness of muscles due to anterior horn cell 
changes. That patient was a 33 year old wom- 
an with hopeless dementia, dysphasia, and pa- 
ralysis from irreparable cortical damage, so 
that lack of surgical treatment was no real 
tragedy. 

The other four cases treated surgically in- 
clude the one reported above, a 20 year old 
boy with good result apart from troublesome 
pancreatic fistula, the case reported by How- 
land and others in 1929 (a 54 year old female 
with excellent result), and finally a 48 year 
old woman with considerable residual paraly- 
sis and mental impairment. 

This last patient is worthy of further men- 
tion because she was followed with careful 
neurologic examinations from the time of her 
operation in 1938 until 1947. She had pre- 
sented with spells of trembling, numbness, and 
light coma, and then more severe attacks with 
unconsciousness up to six hours. Later she 
had developed major convulsions and was ad- 
mitted to the hospital in status epilepticus. 
It was a routine check of blood sugar with a 
reading of 33 mg. per cent which led to the 
correct diagnosis. Postoperatively she under- 
went a long period of several weeks to regain 
full consciousness, and she retained weakness 
of the legs and much mental impairment. 
When examined two weeks postoperatively 
she was in a confused, semiconscious state; the 
neurologist noted weakness in hands and feet 
and marked wasting of the small muscles of 
the hands. This led to concern about amyo- 
trophic lateral sclerosis at first, but the wast- 
ing and weakness did not progress and, in fact, 
showed some recovery over the years. She 
showed a considerable improvement in men- 
tality and speech some years after operation. 
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DIAGNOSIS OF PANCREATIC ISLET CELL ADENOMA 


Here then is a second case of hypoglycemic 
amyotrophy undoubtedly related to anterior 
horn cell changes as in the other case report- 
ed by Tom and Richardson.* There have eon 
other recent reports of similar cases from Lon- 
don, England, and from the Mayo Clinic. 
Myelopathic changes with hypoglycemia may 
prove less rare than previously thought. 

The five cases showed features similar to 
the one reported and some other symptoms 
such as diplopia, emotional changes, spells of 
dizziness, and slurring of speech. Episodic 
psychic changes with strange erratic behavior 
recurred in several cases. Neurologic findings 
were prominent in cases with prolonged coma, 
but the others showed only minor changes 
such as nystagmus, slight facial weakness, and 
minor reflex changes. 

A review of the major reports in the litera- 
ture™°-17 provides similar data as to clinical 
symptoms. There is a striking lack of detailed 
neurologic studies of the cerebral symptoms. 
It has been pointed out that the frequent 
milder attacks with weakness, sweating, and 
trembling are due to hyperadrenalinemia. 
These symptoms occur with a quick drop in 
blood sugar in milder hypoglycemic states, in- 
cluding functional as well as organic hyperin- 
sulinism. Other noncerebral symptoms are the 
feelings of hunger which often occur, the re- 
lief of symptoms by food, and the develop- 
ment of obesity. 

In this report no attempt is made to survey 
fully the many possible causes of hypoglyce- 
mia, as this has been done well elsewhere. 
Sometimes the underlying disease such as 
hepatic cirrhosis may be obscure, but usually 
there are obvious clinical entities such as Ad- 
dison’s disease, hypopituitarism, and severe 
liver disease. The hypoglycemia is only sec- 
ondary in these cases. The neurologic diag- 
nostic problems are presented by those other 
cases with predominant and isolated hypogly- 
cemic symptoms. It is then a matter of cere- 
bral symptoms, usually episodic, with no overt 
sign of other causative disease. In such cases 
the causes of hypoglycemia are fairly well lim- 
ited to 1) organic hyperinsulinism (islet cell 
tumor or hyperplasia), 2) functional hyper- 
insulinism, and 3) factitious hyperinsulinism 
from secretive injections of insulin. The symp- 
toms of functional hyperinsulinism are rela- 
tively mild, with seldom any severe cerebral 
disturbance. One must be alert to detect cases 
of factitious hyperinsulinism and to avoid un- 
necessary surgery. However, such errors are 
readily avoided if one insists upon satisfactory 
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demonstration of fasting hypoglycemia during 
hospital investigation. 


METHOD OF LABORATORY DIAGNOSIS 


The laboratory data necessary for a preop- 
erative diagnosis of a functioning islet cell 
tumor include repeated demonstration of un- 
equivocal during the fasting 
state, hypoglycemia during an attack, and im- 
mediate recovery with the administration of 
glucose. 

With an advanced case, routine fasting 
blood sugar levels below 50 mg. per cent (Fo- 
lin-Wu), or below 40 mg. per cent by the 
Somogyi method, may be readily demonstrat- 
ed, even with a high-carbohydrate diet. With 
a less advanced case, routine fasting blood 
sugars may be normal unless severe carbohy- 
drate restriction is enforced. Finally, it has 
been found that some patients on an inactive 
hospital routine may be free of attacks despite 
a day or so of starvation if exercise is not 
added to the program. 

Conn and Seltzer!® recommend the use of 
a provocative low carbohydrate, low calorie 
diet. The patient is given a diet of 50 gm. of 
carbohydrates, 50 gm. of protein, and 85 gm. 
of fat (1,200 calories) for three days. Daily 
fasting blood sugars are taken; if these do not 
fall below 50 mg. per cent, the patient is fast- 
ed on the fourth day. If on the morning of the 
fifth day the fasting blood sugar is still above 
50 mg. per cent, the fast is continued while the 
patient is exercised vigorously for two hours— 
for example, on a stationary bicycle—with a 
final blood sugar determination at the end of 
that period. The authors point out that where 
they have failed to demonstrate fasting hypo- 
glycemia by the end of the three-day provoca- 
tive diet, they have failed to demonstrate it 
with the additional steps, but they advise that 
the full program be pursued in an effort both 
to diagnose early cases and to avoid unneces- 
sary laparotomies. Skillern and Rynearson’® 
recommend a 48- to 72-hour fast with exer- 
cise. They report that, of 47 patients so tested, 
only one went over 48 hours without a hypo- 
glycemic attack and on a second test she had 
an attack at the end of 43 hours. 

In functional hyperinsulinism, fasting does 
not produce hypoglycemia; stimulation by car- 
bohydrate intake is necessary. The situation 
is similar in alimentary hyperinsulinism in gas- 
trectomized patients. Fasting hypoglycemia 
occurs in anterior pituitary or adrenocortical 
insufficiency and severe renal glycosuria and 
liver disease, but other clinical findings will be 
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present to distinguish these. A glucose toler- 
ance test is of no use in the diagnosis of func- 
tioning islet cell tumors, since almost any type 
of curve may be obtained. 


DISCUSSION 


A full eereangg of the symptoms of 
hyperinsulinism depends upon knowledge of 
the nature and mechanisms of cerebral hypo- 
glycemia. The brain is very dependent upon 
its supply of oxygen and glucose, suffering neu- 
ronal damage with little margin of safety on 
the deprivation of either. The clinical effects 
and pathology of cerebral anoxia and hypogly- 
cemia are essentially the same. Higher phy- 
letic levels of the nervous system have the 
greatest needs and suffer the earliest damage 
with hypoglycemia. With deepening and re- 
ceding hypoglycemic coma, one can observe 
the graded suppression and recovery of func- 
tions at the various cortical, subcortical, di- 
encephalic, and brainstem levels. With severe 
and prolonged hypoglycemic coma, convulsions 
often supervene and the recovery from the 
diffuse cerebral arrest is prolonged, with fre- 
quent residual focal neuronal damage. The 
severe encephalopathies from damaging hypo- 
glycemia readily demonstrate these features of 
diffuse reversible and focal less reversible cere- 
bral damage. The milder recovering hypogly- 
cemic cerebral attacks probably have parallel 
diffuse effects (on consciousness and mentality 
chiefly) and varying focal symptoms. The 
focal effects are chiefly cortical but are also 
directed to the basal ganglia, brainstem, cere- 
bellum, and even spinal cord. 

It is difficult to formulate rigid rules and 
principles as to when the neurologist must in- 
vestigate the possibility of hyperinsulinism. 
Episodic cerebral symptoms of various types 
must lead to this consideration. It is seldom 
a matter of simple epileptic attacks of focal or 
generalized nature, and certainly one need not 
do blood sugar studies in every case of epi- 
lepsy. The convulsive attacks of hypoglycemia 
tend to occur after preceding coma of min- 
utes or hours duration. With more prolonged 
symptoms the recurrence of spells of coma or 
confusion may be replaced by epilepsy which 
is secondary to cortical pathology. Seizures of 
various focal types and generalized attacks 
may occur. Many of the repetitive cerebral 
symptoms are due to an arrest or depression 
of cerebral function, rather than to irritability 
with seizure discharge. Thus one encounters 
transient paresis, numbness, diplopia, slurring 
of speech, and so on. 


NEUROLOGY 


Suspicion of hypoglycemia is strengthened 
by the timing of symptoms at certain periods 
of the day, such as the early morning or on 
awakening. Episodes of erratic confused be- 
havior are common and may be difficult to 
distinguish from temporal lobe seizures. 

Certainly one must consider the possibility 
of a pancreatic insulinoma in many cases of 
unexplained coma, and the diagnosis is not 
uncommonly made by rather routine blood 
sugar estimations in such cases. The diag- 
nosis becomes a better possibility when a pa- 
tient gradually emerges from a comatose state 
showing residual symptoms of cerebral cortical 
and striatal damage. Recent experience would 
also suggest that residual skeletal muscular 
wasting and weakness are not too uncommon. 

The following classification of symptoms of 
hyperinsulinism may help to simplify the prob- 
lem. 


HYPERINSULINISM 


I. METABOLIC SYMPTOMS 


(1) Periodic hunger, relief of symptoms by food, pro- 
gressive obesity. 


(2) Hyperadrenalinemia (from quick drop in blood 


sugar). Sweating, weakness, tachycardia, inward 
trembling. 
Il. CEREBROSPINAL SYMPTOMS 
A. Episodic. (Often recurring at set times such as 


early morning). 


(1) Cerebral arrest (reduction of neuronal function). 
(a) Diffuse. Severe prolonged coma (acute en- 
cephalopathy). Confusion and other psy- 

chic episodes. 

(b) Focal. Numbness, paralysis, unsteadiness, 
slurred speech, diplopia, vertigo automa- 
tism. 

(2) Cerebral irritation (epileptic seizure discharge). 
ften superimposed on coma. 
Focal or generalized attacks. 


B. Continuous. (Chronic neurologic effects) 
(1) Progressive mild dementia (after many minor 
episodic symptoms ). 
(2) Severe encephalopathy emerging from _pro- 
longed coma. Dementia, dysphasia, paralysis, 
striatal symptoms. 


(3) Myelopathy. Wasting and weakness of skeletal 
muscles. 


SUMMARY 


A case of islet cell pancreatic tumor with 
surgical treatment is here presented with par- 
ticular attention to the neurologic symptoms. 
Five other verified cases are reviewed. 

In discussion of organic hyperinsulinism, 
the clinical indications and the methods of in- 
vestigation are outlined. 

The nature and mechanisms of the various 
hypoglycemic cerebral symptoms are described 
and discussed, and a working classification is 


proposed. 


DIAGNOSIS OF PANCREATIC ISLET CELL ADENOMA 
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CASE REPORT 


Tuberculoid Leprosy 


Thomas B. Summers, M.D. and George R. Zimmerman, M.D. 


LEPROSY was an ancient disease before the 
dawn of the Christian era. Today it is endemic 
in Asia, Equatorial Africa, South America, 
Mexico, and many islands of the South Pacific. 
In Europe the incidence continues to decline. 

The causative organism is Mycobacterium 
leprae, described by Hansen in 1874. The 
bacillus is straight or slightly curved, measur- 
ing three to five micra in length. It is gram- 
positive and acid-fast. Frequently the organ- 
isms collect into compact groups forming 
“cigar bundles.” Koch's postulates have never 
been fulfilled. Arnold! has stated, “There are 
few bacterial diseases in which the presum- 
ably causative organism is as easy to find as 
it is in the lepromatous form of leprosy, yet 
there are few in which it is as difficult to find 
as it is in the tuberculoid form (except during 
reactions) .” 

The incubation period may vary from six 
months to 20 years. The lepromatous type 
is much more infective than the tuberculoid 
form. The latter type constitutes 60 to 80 per 
cent of all cases. According to Doull,? 85 per 
cent of all indigenous cases in the United 
States are of the lepromatous form. Children 
are much more susceptible than adults, and 
among younger age groups contact is an un- 
deniable factor. Lowe*® makes the statement 
that there is some evidence that tuberculous 
infection and B.C.G. vaccination produce some 
sensitization and immunity to the leprosy 
bacillus. 

In 1948, the International Congress on Lep- 
rosy, meeting at Havana, revised the classifi- 
cation of the disease. The lepromatous variety 
remained unchanged, but the neural form was 
to be henceforth designated ‘tuberculoid’ and, 
in addition, an ‘indeterminate’ group was add- 
ed. In the lepromatous variety infiltration of 
the skin occurs, tending toward nodule forma- 
tion. Peripheral nerve involvement occurs 
later in the disease, with resulting neural dys- 
function comparable to that of the tuberculoid 
form. Invasion of the reticuloendothelial tis- 
sues, the nasopharynx, upper respiratory pas- 
sages, and eyes is quite common. The tubercu- 
loid form is characterized by erythematous 
macules, anesthesia, and loss of pigmentation. 
Peripheral nerve involvement is early and 
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severe. In active lesions a tuberculoid gran- 
ulomatous structure is invariably observed. 

With neural involvement in either form, 
atrophy and weakness starting first in the distal 
portions of the extremities may be observed. 
Nodular thickening of the nerve trunks may 
be present, with the ulnar and great auricular 
nerves showing the highest frequency of in- 
volvement. When neural disturbances are the 
outstanding features, differential diagnosis in- 
cludes such disorders as syringomyelia, hyper- 
trophic interstitial neuritis, and other neuro- 
pathies. Rogers and Muir in their treatise 
give an excellent discussion on the diagnosis 
and differential diagnosis of the different types 
of leprosy. 

Chaulmoogra oil has gradually been dis- 
continued in the treatment of leprosy. At the 
present time the sulfones are foremost on the 
therapeutic agenda, and some investigators 
report benefit from dihydrostreptomycin, para- 
aminosalicylic acid, and, in some cases with 
complications, ACTH, cortisone, and _ related 
steroids. Brand* has recently given a review 
on the role of surgery and physical therapy in 
the treatment of leprosy. 

Recently the authors had an opportunity to 
examine and study two cases of tuberculoid 
leprosy. The interest created by these cases 
prompted this report. 


CASE REPORTS 


Case 1. This patient, a 14 year old boy, was 
of mixed racial stock—Caucasian and Polynesian. 
The only reliable history was obtained through 
correspondence with the chief of the surgical 
service at the foreign hospital where the child 
had undergone treatment for several years. The 
boy had first been seen in this particular hospital 
three years before because of two non-healing 
ulcers on the right leg. Severe weakness of the 
right lower extremity was observed and the child 
was able to execute only feeble dorsiflexion at the 
ankle. There was a complete loss of all sensations 
below the junction of the middle and distal thirds 
of the right thigh. The ulcers healed slowly with 


conservative treatment. 


From the departments of neurology and pathology, Univer- 
sity Hospitals, College of Medicine, State University of 
Iowa, Iowa City, Iowa. 

Read at the ninth annual meeting of the American Acad- 
emy of Neurology, Boston, Massachusetts, April 26, 1957. 
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Two years later, the child received a severe 
burn on the right foot and was hospitalized four 
months. The attending physician was unable to 
explain the cause of the neurotrophic disturbance, 
but concluded that accidental injection of the 
sciatic nerve had perhaps occurred during arseni- 
cal treatment for yaws. The trophic ulcerations 
resulting from the burn healed slowly with con- 
servative treatment. 

The patient was next seen in the same hospital 
three months later because of a diffuse cellulitis 
on the right leg and foot. Roentgenograms of the 
limb at that time were interpreted as showing 
arthritis and osteomyelitis of the ankle. The cellu- 
litis subsided and a plaster cast was then applied 
to the right lower extremity. During this admis- 
sion, various other diagnostic procedures were 
carried out. Chest films were normal. Serologic 
tests for syphilis were negative. There was a 
moderate anemia, presumably secondary to in- 
testinal parasites. Urinalysis was normal on all 
occasions. 

When first seen at University Hospitals (three 
years after the onset of symptoms) examination 
revealed numerous circular scars over the lower 
trunk and both lower extremities. The nose and 
mouth were normal. There was an old perforation 
of the right ear drum. Ocular examination was 
entirely normal. Examination of the heart and 
and lungs revealed normal findings. The abdomen 
and external genitalia were normal. The upper 
extremities were symmetric and of normal strength. 
Tests of coordination were normal. 

There was swelling of the right ankle, with 
severe deformity of the foot and toes (figure 1). 
The skin of the foot was glossy and atrophic; the 
nails were thickened and deformed. There was 
pronounced atrophy of the right leg, with a com- 
plete loss of ankle dorsiflexion and eversion and 
toe extension end flexion. Severe sensory impair- 
ment existed in the right lower extremity below 
the distal thigh level. The tendo-Achilles reflex 


Fic. 1. (Case 1) Inversion of the ankle with adduc- 
tion of the forefoot. Note the shortening of the great 
toe and clawing of the small toes. 

Fic. 2. (Case 1) Roentgenogram of right ankle and 
foot. The first metatarsal is attenuated and shortened. 
The bones forming the ankle mortise are fragmented 
and show sclerotic change. 


was absent on the right; otherwise, the tendon 
reflexes were normal. There was no plantar re- 
sponse on the right. The child was able to am- 
bulate fairly well despite this disability, with only 
minor discrepancies in the gait. 

During this first hospital visit, roentgenograms 
of the right foot and ankle revealed changes com- 
patible with neurotrophic arthropathy (figure 2). 
Because there was little functional disability, the 
child was discharged to his home. 

The patient returned to the hospital six months 
later. During the intervening months progression 
of symptoms had been the course. Examination 
at this time revealed findings essentially the same 
as those described previously, except that there 
was ulceration beneath the base of the fifth meta- 
tarsal on the right; the lesion was draining clear 
fluid. The nails were absent from the second and 
third toes on the right. Scars were present on 
the leg and foot from previous ulcerations. The 
only movement present at the ankle was plantar 
flexion. 

Routine studies of the blood and urine were 
normal. Serologic tests for syphilis, typhoid fever, 
and Malta fever were negative. The fasting blood 
sugar was 93 mg. per cent. Culture of the draining 
wound revealed hemolytic Staphylococcus aureus. 
Roentgenograms of the right foot and ankle showed 
further progression of the neurotrophic joint dis- 
turbance. Again, treatment was deferred and the 
child was discharged to his home. 

He returned to University Hospitals for the 
third and final admission three months later. 
Further progression in the neurologic changes 
in the right lower extremity was observed. There 
was a loss of pigmentation of the skin on the distal 
right thigh at the junction of the middle and distal 
thirds. At the margin of hypopigmentation on the 
right thigh, there was a sharp line of demarcation, 
with sensation severely impaired in the depig- 
mented area and quite normal in the apposing 
normal skin zone. A 5 cm. area of hypopigmenta- 
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tion on the left calf was insensitive to pain. Posi- 
tion sense was absent in the toes. Complete spinal 
fluid studies were normal. 

One month later, the ulcer overlying the base 
of the right fifth metatarsal was excised, includ- 
ing the surrounding skin margins and subcutaneous 
tissue. Microscopic sections showed chronic ulcera- 
tion without specific imflammatory reaction. 
Neither Lepra bacilli nor Spirochaeta pertenue 
were found using special stains. 

Because leprosy was strongly suspected, a case 
summary was submitted to Dr. R. R. Wolcott of 
the U. S. Public Health Service Hospital in Car- 
ville, Louisiana, with a request for suggestions 
regarding further diagnostic studies. On the ad- 
vice of this consultant, a biopsy of skin and 
subcutaneous tissue was taken from the right thigh 
at the junction of normal and abnormal areas of 
pigmentation. 

The specimen was an ellipse of skin and sub- 
cutaneous tissue, 5.5 cm. long, 1.5 cm. wide, and 
0.8 cm. thick. It appeared normal to naked-eye 
examination. The entire specimen was sectioned 
into 3 to 4 mm. thick blocks of tissue, imbedded 
in paraffin, and microscopic sections were stained 
as indicated. The tissue was well fixed by formalin 
when received by the laboratory and bacteriologic 
cultures were not attempted. 

Microscopically the epidermis appeared normal. 
There was moderate to dense infiltration of lym- 
phocytes around many blood vessels of the dermis 
and subcutaneous fat and around many of the 
skin appendages. In several instances, in addition 
to the lymphocytes, there were small numbers of 
multinucleated giant cells and spherical masses 
of epithelioid cells; there was no necrosis in these 
areas (figure 4). 

Close to the deep line of excision, in the sub- 
cutaneous fat, a 1 mm. focus of granulomatous 
inflammation was found. The center of this lesion 
had undergone caseation necrosis and minimal 
granular calcification. Around the necrotic debris 
were a few epithelioid cells. Outside this was a 
zone of fibrosis and dense lymphocytic infiltration, 
with an occasional multinucleated giant cell of 
the Langhans type. There was a remnant of 
nerve at the periphery of the lesion. Adjacent 
small nerve branches showed low-grade, granu- 
lomatous inflammation similar to that around the 
blood vessels and the skin appendages (figure 3) 

With Ziehl-Neelsen stain (Wade's modification ) 
several dozen acid-fast organisms were seen in 
each section of the fibrocaseous nodule. The or- 
ganisms were in the necrotic debris and in a few 
of the nearby epithelioid cells. They occurred in 
small clumps or as solitary organisms. Most of 
the rod-shaped organisms were beaded. There 
were occasional bipolar forms. The largest or- 
ganisms were similar in length to M. tuberculosis; 
many were somewhat shorter. Their diameters 
were equal to those of the tubercle bacilli (figure 
5). Sections were stained with Grocott’s methena- 
mine-silver nitrate technic;* no fungi could be 
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demonstrated either with this stain or with hema- 
toxylin and eosin stains. M. leprae were found 
only in the caseous lesion in the subcutaneous 
nerve. There were no bacilli in the non-caseating 
granulomatous lesions around the skin appendages, 
bleod vessels, and small nerve branches. 

The child’s course while in the hospital was 
characterized by gradual progression. He limped 
considerably in walking. 

Following biopsy confirmation, Diasone therapy 
was instituted, the child receiving 0.3 gm. daily, 
given orally in tablet form. He was kept on the 
drug until the time of his transfer to the U. S. 
Public Health Service Hospital in Carville, Louisi- 
ana. Throughout the course of this therapy, exami- 
nations of the blood and urine were carried out 
weekly; no significant deviations from normal were 
ever observed. At all times he maintained an 
afebrile course; the pulse and respirations were 
always within normal limits. Progress films of the 
right foot and ankle showed a steady progression 
of the joint destruction. X-rays of the pelvis and 
the right knee were normal. 

Progress note. Examination at Carville revealed 
findings not unlike those described previously. The 
lepromin test was positive. Amputation of the 
right leg below the knee was performed and the 
stump healed per primum. He has been fitted 
with a prosthesis. 

Case 2. This patient, a 14 year old girl, was a 
full sister of case 1. She was referred to University 
Hospitals for evaluation because of nodules on 
the fingers and toes and insensitive atrophic scars 
on the extremities. Knowledge of the brother's 
disease had prompted this evaluation by the 
family physician. 

One year before, this young patient had developed 
a callous on the undersurface of one of the toes 
of the left foot and similar lesions on the ends of 
two of the toes on the right foot. One month prior 
to admission, the fourth toe of the left foot be- 
came tender, vesiculated, and later exfoliated. Ac- 
cording to the patient, it resembled the type of 
lesion afflicting her brother. She noticed some 
numbness of the middle finger of the right hand. 

A review of the past medical history revealed 
measles and mumps during early childhood. She 
had been plagued with a chronically infected right 
ear with intermittent drainage. Occasional bouts 
of gingival bleeding after brushing the teeth had 
been observed. There was a history of chronic 
constipation, and worms had been expelled on two 
occasions in the past five years. In 1949 the child 
had been treated for yaws with arsenicals and 
penicillin. At the time of entry to the United 
States her nutritional state was deplorable and she 
was a most difficult feeding problem. This later 
improved. 

Physical examination at the time of admission 
revealed a thin adolescent female weighing 99 
pounds. The blood pressure was 95/60. The pulse 
and respirations were normal. There were non- 
tender small lymph nodes in either anterior cervi- 
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Fic. 3. (Case 1) Fibrocaseous granulomatous nodule in subcutaneous nerve. Hematoxylin and eosin stain. 
Fic. 4. (Case 1) Lymphocytic and multinucleated giant-cell infiltrates around sweat gland in dermis. Hema- 


toxylin and eosin stain. 


Fic. 5. Group of Mycobacteria leprae iv caseous center of lesion shown in figure 4. Acid-fast stain. 


cal chain. Ocular examination was entirely nor- 
mal. Otoscopic examination revealed some scar- 
ring of the tympanic membranes. The nose and 
mouth were normal. Chest expansion was normal 
and the lungs were clear. The cardiac size was 
normal; the rhythm was regular and there were no 
murmurs. The abdomen was normal. Non-tender 
lymph nodes were palpable in both inguinal 
regions. 

Numerous scars measuring 1 to 3 cm. in diame- 
ter were present over the lower trunk and both 
lower extremities. According to the patient, these 


had been present since early childhood. These 


areas of scarring were circular in shape, white in 
appearance, and atrophic. When the opposing 
skin edges were compressed the scars would crinkle 
like tissue paper. All of these scars were insensi- 
tive to light touch and pain stimulation. 

There was a small non-tender nodule over 
the distal interphalangeal joint of the right mid- 
dle finger. The upper extremities were otherwise 
— and of normal strength. There was 
slight winging of the left scapula. There was an 
area of exfoliation on the end of the left fourth 
toe and the right second toe showed a similar 
lesion. These areas were quite tender. The left 
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great toe was foreshortened and deviated upward. 
There was mild weakness of the ankle dorsiflexors 
on the right, but strength in the lower extremities 
was otherwise normal. The tendon reflexes were 
hypoactive, both in the upper and lower extremi- 
ties: the superficial abdominal reflexes were nor- 
mal, as were the plantar responses. Tests of coordi- 
nation were normal throughout; the station and 
gait were normal. 

In addition to the sensory impairment demon- 
strated in the pitted scars, examination revealed 
severe sensory disturbances in the hands and feet 
pursuing a glove and anklet distribution. In ad- 
dition there was impairment of sensation in the 
D5-7 dermatomes on the right. 

Routine studies of the blood and urine were 
normal. Roentgenograms of the chest and both 
feet revealed normal findings. Stools were ex- 
amined on several occasions and no parasitic forms 
observed. 

Several attempts were made to demonstrate 
Hansen’s bacillus, with failure on each occasion. 
Nasal smears were negative. A skin biopsy taken 
from the left ankle region posterior to the medial 
malleolus (at the junction of normal and abnormal 


REFERENCES 


1. Annoip, H. L., Jn.: Modern Concepts of Leprosy. 
Springfield, Illinois: Charles C Thomas, 1953. p. 3. 
2. J. A.. and Wotcort, R. R.: Treatment of 
leprosy. I. Chemotherapy. New England. J. Med. 
254:20, 1956. 

3. Lowe, J.: The Leprosy Bacillus and the Host Re- 
action to it. Ciba Foundation Symposium on Experi- 


sensory zones) was normal. Skin and a_ portion 
of a digital nerve were removed from the left 
great toe on the dorsolateral aspect; this, too, 
was normal. Skin scrapings from the right scapu- 
lar area were negative for Mycobacterium leprae. 

Progress note. The child was admitted to the 
U. S. Public Health Service Hospital at Carville, 
Louisiana. Examination there revealed anesthesia 
from the wrists and mid-legs distally. The circular 
hypopigmented scars were not considered leprous 
in nature. Skin and nasal scrapings failed to reveal 
Mycobacterium leprae. The lepromin test was 
positive. A diagnosis of tuberculoid leprosy was 
based on the history and physical findings. She 
was discharged to her home with the recommenda- 
tion that she take Diasone 0.3 gm. daily for an 
indefinite period of time. 


SUMMARY 


Two cases of tuberculoid leprosy are re- 
ported. In both cases the outstanding features 
were those of neural dysfunction. The char- 
acteristic microscopic findings in one case 
are presented. 


mental Tuberculosis. Boston: Little, Brown and Com- 
pany, 1955, p. 350. 
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Williams and Wilkins Co., 1946, p. 223. 
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@ In dealing with the symptoms of myelitis it has been shown that these are very 
different from those of spinal meningitis—so different as to make it difficult to con- 
found them, if only moderate care be taken in realizing them. In spinal meningitis 
the most prominent symptom is pain in the back and extremities, produced or aggra- 
vated by movement; in myelitis pain of any kind has scarcely a title to be reckoned 
among the symptoms, pain produced by movement certainly not. In spinal meningitis 
the sensibility is somewhat exalted, in myelitis it is abolished. In spinal meningitis 
there is muscular weakness, and the muscular movements are fettered by pain, but 
there is no true paralysis; in myelitis paralysis is the symptom of symptoms. In spinal 
meningitis there is a state simulating trismus and tetanus, a state of muscular rigidity 
half voluntary as to its character, of which the object is to prevent certain movements 
which give rise to pain; in myelitis the muscles are limber, and there is usually an 
utter absence of any symptom akin to tremor, convulsion, or spasm. 


C. B. Radcliffe in On Diseases of the Spine 
and of the Nerves, published in 1871. 
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CASE REPORT 


Optic Atrophy as an Isolated Sign of 


Unruptured Carotid Aneurysm 


Lowell E. White, Jr., M.D. and Eldon L. Foltz, M.D. 


Optic aTRopPHY as the sole sign of an unrup- 
tured aneurysm of the internal carotid artery 
has been previously reported as a rare occur- 
rence, but the incidence of this lesion appears 
to be more common than supposed. This 
suggests that primary, chronic progressive 
optic atrophy should alert one to the possible 
diagnosis of internal carotid aneurysm which 
must be verified by diagnostic carotid arterio- 
graphy. 

These points are illustrated by the follow- 
ing case presentation and a brief review of the 
recent literature. 


CASE REPORT 


A 57 year old white female was seen on August 
11, 1955 with the chief complaint of failing vision 
which had begun 15 years prior. The right eye 
vision loss occurred first and the left eye vision 
loss appeared ten years later. Her visual defect 
slowly progressed until February, 1955, when sud- 
den bilateral decrease in visual acuity occurred. 
This was associated with photophobia and sharp 
supraorbital pain. She denied diplopia. There was 
a long past history of anxiety associated with 
floating sensations, intention tremor, and intermit- 
tent numbness and coldness of the hands. No other 
neurologic symptoms were present. 

The patient was an asthenic, tense, white female. 
Blood pressure was 110/70, pulse 88, respirations 
22. The right eye was slightly more prominent 
than the left. The right pupil was slightly larger 
than the left. Visual acuity was diminished (O.D. 
-light and shadows; O.S.—20/200). The direct 
and consensual light reflexes were brisk bilaterally. 
The fundi showed smooth, pale, clearly de- 
marcated optic disks, more marked on the right. 
Visual fields showed only central vision on the 
right. Moderate constriction was present on the 
left, with a suggestion of increased temporal loss. 
The sense of smell was minimally decreased on 
the right. Her gait was unsteady with bilateral 
veering, and there was an inconstant, glove-like 
hypesthesia of the hands. No other neurologic 
abnormalities were present. Skull roentgenograms 
showed mild erosion of the anterior clinoid and 
medial sphenoid ridges on the right. The spinal 
fluid was clear and under a pressure of 82 mm. 
The cerebrospinal fluid protein was 47 mg. per 
cent. 


On September 22, 1955, a right carotid arterio- 
gram showed a congenital aneurysm arising from 
the first segment of the intracranial portion of the 
right internal carotid artery just distal to the 
emergence of the artery from the cavernous sinus 
and immediately proximal to the second curve of 
the “siphon” (figure 1A and B). It extended 
superiorly into the posterior portion of the right 
anterior fossa, lateral to the anterior clinoid, in a 
position to compress the right optic nerve. On its 
anterior-superior surface was a daughter aneurysm. 

On September 26, 1955, a Selverstone clamp was 
applied to the right internal carotid artery in the 
neck and closed during a three-day period with 
electroencephalographic control. Occlusion of the 
internal carotid artery supplying the aneurysm 
was thus achieved. On December 13, 1955, a post- 
operative arteriogram showed complete occlusion 
of the right internal carotid artery. Left carotid 
arteriography showed no filling of the aneurysm 
with dye, though the remainder of the right hemi- 
sphere received adequate collateral blood flow 
(figure 1C). The patient was subsequently trans- 
ferred to the psychiatric service for evaluation and 
treatment of her severe anxiety neurosis. 

Follow-up examinations showed a definite im- 
provement in visual acuity during the following 
year (O.D.—20/200; O.S.—20/70). The visual 
fields remained essentially stationary (figure 1D). 
She was otherwise asymptomatic except for photo- 
phobia and various psychiatric complaints. 


DISCUSSION 


Optic atrophy in the present case was a 
startling finding and suggested a primary 
chronic retrobulbar neuritis. The slowly pro- 
gressive nature of the lesion was difficult to 
evaluate without other signs of disease and 
resulted in the insidious destruction of the 
optic pathways. 

Intracranial aneurysms located on the inter- 
nal carotid artery just distal to the ophthalmic 
artery (C, of Ecker)! are in an excellent 
position to compress the optic nerve, yet the 
clinical significance of such a lesion is seldom 
stressed in the recent literature. Kennedy? 


From the division of neurosurgery, University of Washing- 
ton School of Medicine, Seattle, Washington. 

® Public Health Service senior clinical fellow of the Na- 
tional Institute of Neurological Diseases and Blindness. 
®° Markle Scholar in Medical Science. 
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Fic. 1. A. Preoperative right carotid arteriogram, right orbital view. B. Preoperative right carotid arterio- 
gram, right lateral view (—> <—indicates site of aneurysm). C. Postoperative left carotid arteriogram, 
right orbital view (— > indicates site of aneurysm shown preoperatively). D. Pre-and postoperative tangent 
screen visual fields. Postoperative fields done one year following right internal carotid ligation. Visual 
acuity improved. No significant change in visual field defects. 


recognized its importance when he ae a 
case of an aneurysm in this area which re- 
produced the syndrome that bears his name, 
and both Duke-Elder® and Marthinsen* have 
pointed out the lack of emphasis placed upon 
optic atrophy induced by aneurysms. 
Approximately 30 per cent of all congenital 
intracranial aneurysms arise from the internal 
carotid artery.® In a series of 262 aneurysms, 
Jefferson®.? reported 30 aneurysms which pro- 
duced optic nerve symptoms. The majority of 
these originated from the internal carotid art- 
ery and 10 per cent showed optic atrophy as 


their only sign. Fifteen similar cases have re- 
cently been reported.*:5-'* Isolated optic atro- 
phy has also been recorded as a result of 
fusiform dilatation of the internal carotid 
artery.'5-19 Ley felt that this type of aneurys- 
mal dilatation is likewise congenital.?° 

The present case illustrates the progression 
of the disease as well as the dangers of lack 
of treatment. The sudden progression of symp- 
toms associated with supraorbital pain in- 
dicated enlargement of the aneurysm with 
danger of rupture. This is supported by the 
arteriogram (figure 1A and B) which shows a 


sir 

1 

1 


OPTIC ATROPHY IN UNRUPTURED CAROTID ANEURYSM 


small daughter aneurysm superiorly, presum- 
ably the site of the recent enlargement. The 
sudden enlargement necessitated urgent lig- 
ation of the internal carotid artery. 

Carotid ligation can improve vision, but the 
precise events responsible for such improve- 
ment are not known. Because of this visual 
improvement, a partially reversible lesion must 
be present. Aneurysms have two mechanisms 
by which they can produce tissue destruction: 
1) direct constant compression by the aneu- 
rysm mass, and 2) intermittent additional in- 
crement of compression by pulsations. It is 
conceivable that the rich arterial supply to 
the chiasm*! was compressed by the aneu- 
rysm by these two mechanisms, though the 
main effect of the pulsatile aneurysm mass 
was to compress the right optic nerve. This 
produced bilateral and irregular visual field 
changes. The rapid improvement in vision 
following internal carotid ligation (figure 1D) 
was probably due to loss of pulsatile compres- 
sion of optic pathways. The subsequent grad- 
ual improvement may have also been due to 
resolution of the thrombosed aneurysm mass. 

Such improvement can be achieved by 
direct intracranial ligation of the aneurysm, 
but the majority of cases of aneurysms of this 
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type have been treated with internal carotid 
artery ligation.*.*.1°.22.23 Probably the time of 
treatment is more important than choice of 
surgical treatment, for early diagnosis and 
ligation can result in complete restoration of 
vision. The prolonged preoperative course in 
this case and in others reported*.*-11.2? empha- 
sizes the need for more widespread use of 
early arteriography in cases of progressing 
optic atrophy. Even without subarachnoid 
bleeding or even symptoms of aneurysm en- 
largement, arteriography may be indicated in 
order to achieve early diagnosis and treatment, 
and thus allow maximum recovery of vision. 


SUMMARY AND CONCLUSIONS 


A case of optic atrophy as an isolated 
sign of an unruptured internal carotid aneu- 
rysm is presented and the literature reviewed. 

A progressive optic atrophy 
with vag aad visual field changes should sug- 
gest the diagnosis of internal carotid aneurysm. 
The early diagnosis is established by carotid 
arteriography. 

Abolishing the aneurysm pulsations by in- 
ternal carotid ligation can lead to complete 
recovery of visual loss in early cases and 
moderate to marked improvement in late cases. 
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CASE REPORT 


Intrinsic Glomerate Astrocytoma of the Cere- 


bral Hemisphere in a Four Year Old Child 


Axel K. Olsen, M.D. and Bluitt L. Landers, Jr., M.D. 


GLIOMAS IN CHILDREN are located chiefly in 
the cerebellum and brainstem, and supraten- 
torial neoplasms are largely limited to basal 
ganglia, optic pathways, or hypothalamic re- 
gion. Tumors of the hemisphere are rare in 
this age group and are usually invasive and 
poorly circumscribed. We present a case of 
circumscribed astrocytoma of the parietal lobe 
in a four vear old child. 

A four year old colored female was brought to 
the hospital after a generalized convulsion which 
pine during sleep. She was unconscious for 
15 minutes after the seizure and incontinent of 
urine. The mother recalled two similar episodes 
several weeks before, one during sleep and the 
other while awake. Physical examination and neu- 
rologic studies were negative. There was no ele- 
vation of temperature. Laboratory studies were 
within normal limits. Electroencephalogram re- 
vealed high voltage, abnormal slow waves in both 
hemispheres. No seizures were observed while the 
child was in the hospital. Three months later the 
patient developed focal seizures for the first time. 
These started in the left foot and spread to the 
entire left side. She did not lose consciousness 
during these attacks and they were not associated 
with headache or vomiting. Generalized convul- 
sions were also present during sleep. After this 
episode the child remained seizure-free for three 
weeks, when both generalizd and focal convulsions 
recurred, The eyegrounds showed no signs of in- 
creased intracranial pressure and no abnormal neu- 
rologic findings were present between seizures. 
Electroencephalogram now revealed paroxysmal 
bursts of high voltage, slow waves in both pa- 
rietal and the left rolandic area, with much slower 
waves in the right parietal area. A pneumoenceph- 
alogram taken during this period was interpreted 
as showing a space-occupying lesion in the right 
parietal region, compressing the temporal horn of 
the ventricle. The child was removed from the hos- 
pital and was not seen until six months later when 
she was admitted with focal seizures of the left 
foot. The mother stated that no convulsions had 
been noted during the interval. Shortly after ad- 
mission a left hemiparesis developed and _permis- 
sion for surgery was granted. 

On opening the cranium in the right parietal 
region, the dura was tense and the convolutions 
flattened. On cortical incision a solid, circum- 
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scribed mass with a distinct avascular capsule was 
encountered 1 cm. beneath the surface. A 4 cm. 
area was exposed without visualizing the entire 
tumor. The mass occupied the greater part of the 
parietal lobe and extended to the walls of the 
lateral ventricle. It was freed by blunt dissection 
and removed entirely, leaving the wall of the ven- 
tricle intact. Postoperatively, the child moved all 
extremities, but responded poorly to stimuli. On 
the eighth postoperative day phlebitis of the right 
leg developed, and he died on the following day. 

Pathologic observations. The surgical specimen 
consisted of a firm, rubbery, globular mass measur- 
ing 7 by 4 by 4 cm. It was relatively avascular 
and grossly resembled a meningioma. The cut sur- 
face bulged to reveal dense fibrous structure with 
many yellowish necrotic areas. Histologic study 
demonstrated heavy strands of neuroglial fibers 
and occasional nuclei forming an incomplete cap- 
sule at the periphery of the tumor. Elsewhere, the 
mass was outlined by collagenous strands derived 
from blood vessels. The neoplasm was composed 
of mature astrocytic cells | glial processes, but 
the architectural pattern was not uniform (fig- 
ures 1 and 2). The most striking feature was the 
presence of lobulated areas sharply outlined by 
compact bands of neuroglial fibers, within which 
clusters of cells with dark staining small oval nu- 
clei were embedded in dense meshes of glial fi- 
bers. The fibers gave a positive reaction with the 
Holzer and phosphotungstic acid hematoxylin 
stains. These areas closely resembled the intraven- 
tricular glomerate astrocytoma described by Boy- 
kin and co-workers.1 In other locations the struc- 
ture was more nearly that of a classic astrocytoma, 
with areas of microcystic degeneration. Here the 
dense piloid arrangement of processes was re- 
placed by fibrillary and agen astrocytes. 
Vascularity was not marked in any part of the 
tumor, but in some foci endothelial and fibrous 
proliferation of vessel walls was noted. In spite 
of the benign and encapsulated appearance of the 
lesion, ganglion cells and myelinated fibers were 
present deep within the neoplasm in one location. 
No residual tumor was found at necropsy and his- 
tologic examination revealed no invasion of adja- 
cent brain tissue. 


From the wards and laboratories of Philadelphia General 
Hospital, Philadelphia, Pennsylvania. 

Read in part before the Philadelphia Neurological Society 
February 1957. 
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Fic. 1. Glomerate arrangement of cells within dense 
meshes of glial fibers. An area of microcystic degen- 
eration is present. 
Fic. 2. Detail from figure 1 showing cellular and 
fibrillary structure. 


COMMENT 


Cushing,? in his series of brain tumors in 
children under 15, listed 106 gliomas, of which 
26 (22.4 per cent) were located in the cere- 
brum. Russell and Ellis* reported 12 (21.8 per 
cent) above the tentorium. The incidence of 
supratentorial astrocytomas could not be de- 
termined from these studies. This form of glial 
tumor is commonly found in the cerebrum in 
adults but is apparently rare in this location in 
children. Miller and co-workers,‘ reviewing 
190 supratentorial tumors of all types, found 
46 (24 per cent) astrocytomas. Stern’ report- 
ed 19 cases, of which four were astrocytomas. 
Gliomas occurring above the tentorium in chil- 
dren are described as malignant, invasive, and 
predominantly involving the basal ganglia or 
other deep structures. We were able to find 
only four reports of circumscribed gliomata of 
the hemisphere. Hagan and Graves® described 
a sharply demarcated glioma in the parietal 
cortex of a six year old child. The lesion was 
infiltrating and classified histologically as a 
glioblastoma. Russell and Ellis* reported a 
well circumscribed solid spherical tumor in the 
left hemisphere of a full-term stillborn infant 
It contained many cells in mitosis and was de- 
scribed as a malignant glioma. The same au- 
thors reported circumscribed tumors in two 
other infants but considered them primary 
sarcoma. Bodian and Lawson,* described as- 
trocytoma of the hemisphere in two children, 
one involving the frontal and the other the 
temporal lobe. Both of these neoplasms were 
composed of adult astrocytes but were poorly 
circumscribed and invasive. 


DISCUSSION 


The cytologic characteristics of the tumor 
described in this report are those of an astro- 


cytoma. Its unique architectural arrangement, 
however, does not conform to the criteria of 
grade 1 or grade 2 of the classification of as- 
trocytic tumors proposed by Svien, Mablon, 
and Kernohan’ and the absence of dedifferen- 
tiation and mitosis excludes it from grades 3 
and 4. In gross ae it resembled those 
tumors previously designated as polar spongio- 
blastoma, rather than the poorly defined cystic 
type of astrocytoma commonly seen in the 
cerebral hemispheres. According to Penfield,® 
these tumors are firm, whitish, and well-de- 
fined, although not clearly circumscribed, and 
occurred predominantly in the region of the 
third ventricle and the optic chiasm. Their 
cytologic and architectural composition, how- 
ever, bears little resemblance to the tumor in 
this case. Except for its size and location, the 
lesion is more closely allied to the neoplasms 
reported by Boykin and co-workers! as sub- 
ependymal glomerate astrocytoma. They de- 
scribed such tumors as lobulated, sharply mar- 
ginated structures projecting into the ventric- 
ular cavity by a narrow pedicle based in the 
subependymal plate. They consist essentially 
of clusters of small, poorly defined astrocytic 
nuclei embedded in dense masses of glial fi- 
bers. Nuclei are small, oval, uniform in size, 
and show no mitosis. It is their opinion, how- 
ever, that this class of tumors originates from 
astrocytes related to the ventricular wall and, 
in their experience, do not penetrate brain 
tissue beyond this area.'’ Since the entire tu- 
mor was removed surgically in our case, its 
point of origin could not be determined. Ex- 
amination of the necropsy specimen demon- 
strated its close apposition to the ependymal 
lining; the operative note, however, definitely 
stated that the wall of the ventricle was intact. 


Fic. 3. Comparative fields in three astrocytic tumors 
characterized by glomerate arrangement. A. Circum- 
scribed intrinsic tumor of hemisphere (present case). 
B. Diffuse intrinsic tumor of midbrain. C. Subepen- 
dymal tumor of fourth ventricle. 
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ependymal astrocytes might, on occasion, re- 
verse their direction of growth. Such a tumor 
might properly be designated an_ intrinsic 
glomerate astrocytoma. 

Whatever the source of origin, astrocytic 
tumors of this type apparently are rarely en- 
countered within the brain substance either 
in adults or children. We were able to find 
only one other case among more than 100 
astrocytic neoplasms. This tumor, although not 
circumscribed, presented identical cytologic 
and architectural characteristics. It had caused 
diffuse enlargment of the tectum and tegmen- 
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tum of the midbrain and appeared to originate 
from the region of a malformed and _atresic 
aqueduct. It is of interest that, while the pa- 
tient was over 50 at the time of death, the 
clinical history suggested the lesion had been 
present since early childhood. 


SUMMARY 


A clinical pathologic study of a circum- 
scribed astrocytoma of the parietal lobe in a 
child has been presented. Classification of the 
tumor has been discussed and the designation 
of intrinsic glomerate astrocytoma suggested. 
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ADDENDUM 


James H. Austin, M.D., author of the paper on “Metachromatic Form of 
Diffuse Cerebral Sclerosis 2. Diagnosis During Life by Isolation of Meta- 
chromatic Lipids from Urine” published in the October issue of this journal 
(Neurology 7:716-723, 1957), has requested that the following comment be 
added to his material. Its proper place is on page 721, at the end of the first 


paragraph ( 


. will not be detected by this method."*). 


“Further specific information about this impor- 
tant point has been kindly furnished by the 
authors at the writer's request. The limitation 
made above, based on the reference cited,!® 
now does not necessarily hold. In 1939, the 
aqueous toluidine blue technic — essential to 
reveal the renal material — was not routinely 
applied to frozen sections of kidney. The kid- 
ney in this adult case could, therefore, only be 
regarded as negative in the report at that 


time. 


Atlas of Tumors of the Nervous System 
H. M. Zimmerman, M.D., Martin G. Netsky, 
M.D., and Leo M. Davidoff, M.D. 1956. 
Philadelphia, Pa.: Lea and Febiger. 191 
pages, 277 illustrations (233 in color). 
$25.00. 


THIs ATTRACTIVE monograph represents the 
combined efforts of three distinguished authors 
who are well qualified to speak with authority 
on their subject—one of them is a pathologist, 
one a neuropathologist and clinical neurologist, 
and one a neurosurgeon. Their purpose has 
been to present the morphologic features, gross 
and microscopic, of space-occupying lesions of 
the central and peripheral nervous systems 
in such a way as to be helpful to interested 
clinicians and pathologists who may be con- 
cerned with the pues diagnosis of these 
lesions. 

An extremely large field of lesions is covered, 
ranging from intracranial gliomas to tumors of 
the peripheral nerves and autonomic ganglia. 
These are presented in orderly fashion in logi- 
cal groupings depending upon the general 
region of the nervous system or its coverings 
involved. Not only neoplasms are included, 
but other lesions which may behave clinically 
like tumors, such as brain abscess and infective 
granulomas. Furthermore, there are sections 
devoted to the general effects of increased in- 
tracranial pressure on the brain and of com- 
pression on the spinal cord. The classification 


The Early Diagnosis and Treatment 

of Acoustic Nerve Tumors 
J. Lawrence Pool, and Arthur A. Pava. 1957. 
Springfield, Illinois: Charles C Thomas, 
Publisher. American Lecture Series, Pub- 
lication 303. 161 pages. $5.50. 

IN A sHorT and easy reading monograph, the 

authors present the experiences of the surgeons 
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of gliomas followed in this book is that of 
Bailey and Cushing, which the authors be- 
lieve is the most practical, and which employs 
terms that are familiar everywhere. At the 
end there is an excellent bibliography, follow- 
ed by a most useful appendix giving statistical 
incidence of intracranial tumors and gliomas 
in two large groups of cases (New Haven Hos- 
pital series and Cushing series), staining 
methods, and synonyms that may be encount- 
ered in the literature in association with diag- 
nostic terms used. 

In this book, the chief emphasis has been 
placed on the illustrations. These are numer- 
ous, and illustrate well the features that they 
are supposed to indicate, although some of the 
color pictures have suffered to some extent 
in the reproduction process. The text is brief 
and concise, and supplies the necessary back- 
ground to the illustrations. It naturally pre- 
sents the particular views of the authors—and 
there may be slight differences of opinion con- 
cerning some of the details. Be that as it may, 
there is no doubt of the soundness of the in- 
formation contained, and those who wish to 
find out more for themselves can rely on the 
extensive bibliography. 

The authors are to be commended for hav- 
ing gathered together, in a most presentable 
form, a large amount of information that is 
now much more readily accessible than it ever 
has been previously. 

E. P. R. 


of the New York Neurological Institute in the 
operative treatment of acoustic nerve tumors. 
After brief mention of the historic and patho- 
logic aspects of the subject, the statistical data 
of 122 patients suffering from acoustic neuro- 
mas is presented, stressing age, symptoms, 
signs, and the results of special complications 
and results of operative excision of these tu- 
mors. A short but adequate bibliography is 
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given and an index is appended. 

In the past decade a number of extensive 
reports on the surgical therapy of acoustic tu- 
mors have appeared from the clinics of Dandy, 
Horrax, Olivecrona, and Jefferson. This review 
from the New York Neurological Institute 
seems to indicate that their experience falls 
in line with the above reports. Although com- 
plete removal of the tumor with preservation 
of the facial nerve is possible in about 20 per 
cent of cases, a less ideal procedure is carried 
out in many cases. It is generally agreed that 
total removal in younger individuals carries no 
higher a mortality than partial and eventually 
has a lower risk to life. The facial paralysis 
which results in most cases, the authors state, 
can be made less noticeable by hypoglossal 
anastomosis (in preference to faciospinal ac- 
cessorv) or by plastic procedures. However, 
the authors believe subtotal or intracapsular 
extirpation has a place in older individuals. 


Functions of Autonomic Transmitters 


J. Harold Burn. 1956. Baltimore: Williams 
& Wilkins Company. 228 pages. $5.00. 


Tus is an extremely readable and informa- 
tive group of seven essays constituting the 
Abraham Flexner Lecture Series for 1956, 
given at Vanderbilt University by the profes- 
sor of pharmacology of Oxford. 

The general topic involves the theory of 
the humoral transmission of nerve impulses. 
After a historical review of the relationship of 
acetylcholine and cardiac muscle, the author 
presents the detailed experimental evidence 
for the excitory action and, under some cir- 
cumstances, inhibitory action of acetylcholine, 
together with comments on its relationship to 
the automatic rhythm of the heart. The view 
that the heart beat is myogenic is of critical 
importance in all hypotheses involving this 
system and serves to indicate that the nerve 
fibers, so abundantly present in the auricles, 
do not establish a basic rhythm but simply 
alter it. 

The author's view that rhythmic activity of 
the heart is maintained by local synthesis of 
acetylcholine was further tested in rhythmic 
movement of cilia. It was found that in the 
non-innervated gill-plates of the mussel, my- 
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It is interesting to note that if a recurrence 
does not occur within three years, the patient 
seems to have a good chance of survival for 
an indefinite period. 

In reviewing this monograph, one notes no 
radical advances in surgical approaches since 
Dandy’s unilateral incision and complete ex- 
tirpation of the tumor and capsule. Unques- 
tionably the mortality rate has decreased due 
to earlier diagnosis and more experienced Op- 
erators. Unless a radical technical advance is 
made, Dandy’s mortality of 6.5 per cent over 
an eight-year period seems to be as low as one 
will attain. 

This monograph is recommended to all neu- 
rologists and neurosurgeons desirous of read- 
ing an up-to-date account of the subject. It is 
well written, concise, authoritative, and well 
printed in the Thomas tradition. The numer- 
ous illustrations are clear and well selected to 
amplify the text. 

A. E. W. 


tilus edulis, the ciliary movement is controlled 
by the local production of acetylcholine and 
that enzymes capable of synthesizing and of 
destroying it are also present. 

There follows a review of experimental 
work illustrating the distinction between the 
action of norepinephrine and epinephrine, to- 
gether with a note on their clinical usefulness. 
A chapter on the common properties of drugs 
presents experimental evidence that groups of 
drugs (including chlorpromazine and others) 
exert many characteristic effects by their tend- 
ency to depress the action of acetylcholine in 
the tissues. 

To laboratory workers the discussion of the 
supersensitivity and subsensitivity of denervat- 
ed structures will be stimulating, for numerous 
paradoxes arise which compel a distinction 
between the role of the nervous system and 
the purely local chemical reactions in the or- 
gans concerned. 

A chapter written in a lighter vein, “Our 
National Drugs—Alcohol and Nicotine,” brings 
the book to a close. This monograph is note- 
worthy for the straightforward presentation of 
experimental material, the emphasis on syn- 
thesis, and the comprehensive integration of 
data observed in a comparative animal series 
from mollusks through amphibians to man. 
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The Riddle of Stuttering 


C. S. Bluemel. 1957. Danville, Illinois: 
The Interstate Publishing Company. 142 
pages. $3.50, paper bound $1.50. 


Despite the title of the book, the author uses 
and recommends the term “stammering” to 
replace the term “stuttering” for pathologically 
disorganized speech and recommends the term 
“stuttering” for the nonfluency which is not 
pathologic. This is contrary to common Amer- 
ican usage. 

These two primary components of his riddle 
are analyzed symptomatically by the author 
as nonorganized, nonfluent speech (stuttering) 
and disorganized speech with marked blocking 
(stammering). Three secondary symptoms are 
an effort phase in attempts to force the block, 
conditioning to expect trouble in certain sit- 


Progress in Neurobiology 


Edited by J. Ariens Kappers. 1956. Prince- 
ton, New Jersey: Van Nostrand Co. 384 
pages. $10.50. 


THis presents the addresses and papers 
delivered at the first international meeting of 
neurobiologists, held in the department of 
anatomy and embryology at the University of 
Gronigen, the Netherlands. Dedicated to the 
memory of Ludwig Edinger, the collected es- 
says have a pronounced morphologic emphasis 
and the reviewer wishes to alert all those who 
are interested in the structure of the nervous 
system to the mine of information which this 
treatise holds for them. 

The first section is a symposium on the mor- 
phology and physiology of the synapse. The 
second section is a symposium on the cerebro- 
svinal fluid and some paraventricular organs. 
This series of ten papers presents commend- 
able studies in comparative neurology on the 


Management of the Patient with Headache 


Perry S. MacNeal, M.D., F.A.C.P., Bernard 
J. Alpers, M.D., Sc.D. (Med.), F.A.C.P., 
and William R. O’Brien, M.D., F.A.P.A. 
1957. Philadelphia: Lea and Febiger. 145 
pages. $3.50. 


DeEsiGNED as a guide for all physicians con- 
cerned with the management of headache 


uations, and obsessive anxiety in relation to 
speech. Much of the book is taken up with 
a theory of “stammering” which proposes that 
“stutterers” are of diffident, indecisive, passive- 
submissive personality make-up and _ possess 
poor neuromuscular coordination and poorly 
organized (nonfluent) speech; that when such 
persons are subjected to stress, their speech 
becomes disorganized and they block; and that 
the effort phase, conditioning phase, and ob- 
sessive-phobic phase develop progressively, if 
stress continues, and complete the syndrome 
of “stammering.” In therapy, the author rec- 
ommends establishing good patterns of “verbal 
thinking.” 

In the reviewer's opinion, the theory pre- 
sented is supported chiefly by anecdotal evi- 
dence and analogies to other conditions. Even 
in such a small book there is much reading to 
glean the useful information. 


saccus vasculosus, pineal organs, paraphysis, 
and walls of the third ventricle. 

The next section, in keeping with present 
day orientation, deals with the morphology 
and physiology of the reticular substance in 
the brain. There is a wholesome respect here 
for the neuroanatomic realities; the morpholo- 
gist knows that the demonstrated neuron sys- 
tems are not to be too lightly brushed aside 
by the introduction of a diffuse network. This 
attitude is summarized in the statement of 
Elizabeth Crosby when she remarks that the 
effects of lesions in the midbrain “depend only 
in part—and yess to a decidedly limited 
extent—on the involvement of the multisynap- 
tic reticular paths.” 

The papers are written in either English, 
French, or German, and each is followed by 
a verbatim discussion. The book can be rec- 
ommended to all both for the solidity of its 
material and as an expression of the fertility 
of modern basic neurology. 

ALR. V. 


(and few are not), this small volume repre- 
sents the integrated effort of an internist, a 
neurologist, and a psychiatrist to formulate 
some ground rules of diagnosis and treatment 
based on contemporary thinking in their re- 
spective specialties. The authors adopt the 
prevalent view that most headache falls into 
one of three categories: those caused by or- 
ganic intracranial disease, those of a purely 
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psychogenic origin, and those dependent upon 
intra- and extracranial vascular mechanisms. 
It is obviously impossible in a book of this 
scope to deal with the organic headaches in 
any detail, but appropriate suggestions are 
given for screening the organic from the far 
more numerous psychogenic and vascular 
headaches. 

The management of this latter group of 
“functional” headaches, a term not used by 
the authors, forms the main theme of the work. 
Many practical instructions for psychotherapy 
of such patients are made which should be 
useful to physicians not expert in this field. 


Hypothalamic-Hypophysial 
Interrelationships 


William S. Fields, M.D., Roger Guillemin, 
M.D., and Charles A. Carton, M.D. 1956. 
Springfield, Illinois: Charles C Thomas, 
Publisher. 156 pages. $4.75. 


THIs 1s AN AaccounT of a symposium given 
in 1955 in Houston, Texas, and presents a 
group of essays by various authors. While a 
work of this kind cannot possibly have the 
unity of a planned monograph, nevertheless 
these papers are especially valuable if they 
are read after a comprehensive presentation 
of background material such as “Neural Con- 
trol of the Pituitary Gland,” by G. W. Harris, 
which was previously reviewed in Neurology. 


Hirnabszess 


Gerhard Weber. Stuttgart: Georg Thieme. 
188 pages. $7.10. 


THIS SHORT MONOGRAPH from the neurosur- 
gical clinic of Zurich covers much more than its 
title suggests. It presents the experiences of 
the author with all types of infection within 
the intracranial cavity. In fact, more than half 
of the book deals with the symptoms, signs, 
and diagnosis of infection of the skull, venous 
sinuses, and epidural, subdural, and subarach- 
noid spaces. The last 75 pages are concerned 
with brain abscess proper. 
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Drug therapy of headache is well presented. 
Among the virtues of the book is the em- 
phasis on history taking in the chapter on 
“Diagnostic Techniques.” From the theoretical 
standpoint, however, the book is based on or- 
thodox Freudian doctrine and takes on authori- 
tative, not to say, dogmatic, tone on matters 
that are quite controversial. Not everyone 
with experience in the therapy of headache 
will agree that migraine is primarily and fun- 
damentally a psychogenic disorder nor that 
the variety of vasodilating cephalgia, some- 
times known as “histamine cephalgia,” is 

allergic in origin. 
R. B. R. 


Neural pathways to the hypophysis is dis- 
cussed by John D. Green, and neurosecre- 
tion by W. P. Hild. G. W. Harris presents 
an important summary on the hypothalamic 
control of the anterior lobe. Introducing phys- 
iologic considerations is the paper by R. Guil- 
lemin on the production of pituitary hormones, 
followed by papers of Stein and Mirsky on 
the effect of stress, of P. Gloor on telencephalic 
influences, and of Pool, Clark, Hudson, and 
Lombardo on the hormonal responses to elec- 
tric stimulation in the subfrontal parts of the 
brain. A chapter on hypothalamic-hypophysial 
dysfunction in man by Spurr and Stribling, 
followed by a general discussion and summary, 
brings the work to a close. 

A. R. V. 


The recent literature is well reviewed with 
a good bibliography. No illustrations are pre- 
sented. 

Because of the rapid and changing develop- 
ment of antibiotic therapy, it is quite under- 
standable how any book on the subject of in- 
fections is out-of-date by the time it is pub- 
lished, and this monograph is no exception. 
However, the principles of medical and sur- 
gical therapy remain valid. Anyone desiring 
to trace the trends in the current world litera- 
ture on infections of the cranial contents will 
find this a very valuable source book. 


A. E. W. 
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dependable adjunct to psychiatric procedures 


Available in: 
Pulvules 1 grain 
3 grains 
Ampoules 1 grain 
1 7/8 grains 
3 3/4 grains 
7 1/2 grains 
15 1/2 grains 


AMYTAL SODIUM 


versatile, moderately long-acting 
hypnotic 

@ produces controlled hypnosis for psychiatric evaluation 
@ restores normal sleep cycle in acute excitement 

@ prevents convulsions during shock therapy 


@ provides prompt and prolonged narcosis in psychiatric 
patients 


@ aids in differential diagnosis between functional and 
organic disease 


LILLY AND COMPANY «+ INDIANAPOLIS 6, INDIANA, U.S.A. 
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NEW 


GRASS 
MODEL 5 
POLYGRAPH 
FOR 
VERSATILE 
RECORDING 
IN 
PHYSIOLOGY 
PHARMACOLOGY 
ANESTHESIOLOGY 


PSYCHOLOGY 


The Polygraph records blood pressure, oxygen tension, COs, plethys- 
mogram, respiration, temperature PGR, EMG with integration, EKG 
and/or heart rate, EEG and other physiological data. 


Interchangeable Preamplifiers, designed specifically for each applica- 
tion, plug into identical Driver Amplifiers. 


@ Amplitude of direct-writing oscillographs is 50 mm with 2% linearity. 
Two channel teaching and six channel research models available. 


Built to Grass precision standards to insure dependability and accu- 
racy for years of service. 


GRASS INSTRUMENT COMPANY 


101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
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PARKINSONISM 


“...in our experience procyclidine (Kemadrin) proved a worthy 
addition to the therapy of parkinsonism, because it afforded relief 
to many patients who had failed to respond to other drugs. It 
exerts an action against all symptoms of parkinsonism... hence it 
may be employed as the basic drug in commencing treatment 
with new cases.” 


Zier, A. and Doshay, L. J.: Procyclidine Hydro- 
chloride (K drin) T. of Parkinsonism 
in 108 Patients, Neurology (July) 1957. 


“...in our series of 30 severe Parkinsonism sufferers, 21 obtained 
moderate to good relief with the use of this new agent, Kemadrin, 
in combination with other drugs.” 


Lerner, P. F.: Kemadrin, a New Drug for Treat- 
ment of Parkinsonian Disease, J. Nerv. & Ment. 
Dis. 123:79 (Jan.) 1956. 


Smoother activity, 
and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


‘KEMADRIN’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000. 


Brat BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N. Y. 
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m™ still talks to me 
I don’t bother to holler back... 


Manic, hallucinating ...In acute psychotic agitation, the direct 
purpose of SPARINE is to quiet the hyperactivity. When hallucina- 
tions are present, they are either abolished or made less important 
and less frightening to the patient. 

SPARINE is a well-tolerated and dependable agent when used according to 
directions. It may be administered intravenously, intramuscularly, or orally. 
Parenteral use offers (1) minimal injection pain; (2) no tissue necrosis at the 
injection site; (3) potency of 50 mg. per cc.; (4) no need for reconstitution 


before injection. 
Comprehensive literature is available on request. 


1. Fazekas, J.F., et al.: J.A.M.A. 161:46 (May 5) 1956. 
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Philadeiphia 1, Pa. 


HYDROCHLORIDE 


Promazine Hydrochloride 10-(-y-dimethylamino-n-propyl)-phenothiazine hydrochloride 
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This myelogram, made with the spot-film 
device, shows a herniated sixth cervical 
intervertebral disk. A concave filling de- 
fect of the Pantopaque column in the 
subarachnoid space is present, extending 
from the midportion of the body of the 
sixth cervical vertebra to the lower mar- 
gin of the seventh cervical vertebra on 


the left side. The sheath of the nerve 
root between the sixth and seventh cer- 
vical vertebrae is obliterated, and the 
root sheath between the seventh cervical 
and first thoracic vertebrae is deformed. 
The cervical spinal cord is displaced 
slightly toward the right. 


“PANTOPAQUE?” is the registered trademark under which all leading 
x-ray dealers supply the compound ethyl iodophenylundecylate, which is 
synthesized by the Research Laboratories of Eastman Kodak Company 
and prepared as the myelographic contrast medium lodophenylate Injec- 
tion, U.S.P., by Lafayette Pharmacal Company. The trademark serves to 
indicate to the radiologist continuity of experience in the manufacture of 
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Geomedical Conference The first international geomedical confer- 
Held in Brussels ence on diseases of the nervous system was 
held (July 23) as part of the program of the 
Sixth International Neurological Congress in Brussels. The purpose 
of the conference was rooted in the thesis that a collaborative 
study of environmental and genetic factors in particular geographic 
areas might supply clues for the predisposition to diseases of the 
nervous system in certain populations, which could be best followed 
by comparing the results of population statistics for different 
parts of the world; 46 scientists from 16 countries attended the 
conference. After discussing several mortality, necropsy, morbid- 
ity, and population surveys now underway or contemplated,’ the con- 
ferees agreed on the need for international cooperation for the 
establishment of uniform criteria for the analysis of any data to 
be collected. Also discussed was a suggestion by Roland P. Mackay 
for sending a team of neurologists and epidemiologists into select- 
ed isolated areas for intensive study of a local population’.... 
The conferees in Brussels appointed an interim committee (under the 
chairmanship of Leonard T. Kurland of the National Institute of 
Neurological Diseases and Blindness) to develop uniform survey 
criteria which would be suitable for selected geographic areas. 
If these objectives can be attained, plans will be proposed for a 
Symposium on geomedical research in neurologic disorders at the 
next international neurological congress, to be held in Rome 
(1961). 


International M.S. Group On July 24 the corresponding members of 
Holds Second Meeting the International Panel of the National 

Multiple Sclerosis Society (Headquarters: 
257 Fourth Avenue, New York City) held its second meeting in the 
halls of the Palais d'Egmont in Brussels, in conjunction with the 
First International Congress of Neurological Sciences. It was a 
dinner meeting, organized by the society's medical and research 
director, Thomas L. Willmon. After dinner, the program was opened 
by the president of the panel, Prof. G. H. Monrad=-Krohn (Oslo), who 
described briefly the panel's activities since 1953. The election 
of officers followed and H. Houston Merritt was unanimously elect- 
ed president of the panel, succeeding Monrad-Krohn. A more de=- 


1The value of necropsy studies was discussed by Schaltenbrand (Wurzburg), Geordi (Basel), Henner 
(Prague), and Chandy (Vellore). 
*Discussions on local surveys were conducted by Okinaka (Japan), Luthy (Zurich), Broman (Goteberg), 
and Rodriquez-Arias (Barcelona). 
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tailed account of the society's activities, past and present, was 
given by Dr. Willmon, who highlighted the excellent cooperation of 
the Bio-Sciences Information Exchange with the society in preparing 
the areas covered in MS research.... Also present at the dinner 
and the meeting was Miss Sylvia Lawry, founder and executive 
director of the society. 


Vienna Neurological Institute A sequel of the First International 
Celebrates its 75th Anniversary Congress of Neurological Sciences 
(Brussels, July 21-28) was the cele- 
bration (July 3l-August 1) of the 75th anniversary of the Neuro- 
logischen Institut at the University of Vienna, founded in 1882 
by Heinrich Obersteiner (1847-1922). The story of the Vienna 
Institute is a landmark in neurologic leadership, for it was the 
first institute in Europe dedicated to studies on the anatomy and 
pathology of the nervous system, and, as such, served as a pro- 
totype for institutes that were organized later.... For the first 
day of the meeting, about 60 neurologists and neurologic scientists 
from some 16 different nations assembled in Vienna to pay tribute 
on behalf of their respective countries to the inaugural sessions 
of this meeting, which also highlighted three special presenta- 
tions. The first was given by Prof. Leopold Schonbauer who called 
to mind, in addition to Obersteiner, the Institute's great scien- 
tific leaders: Otto Marburg (1874-1948),° Otto Gagel, and finally 
Hans Hoff, the Institute's director since 1949, who is also profes- 
sor of neurology and psychiatry at the University of Vienna. The 
second presentation, by Ludo van Bogaert, set forth today's con- 
cepts in neuropathology as they relate to concepts initiated by 
the neurologic institute in Vienna. The third presentation, made 
by Prof. Hoff himself, outlined the future of neuropathologic 
research at the institute. The morning inaugural sessions were 
followed by a luncheon at the Palais Auerspergh, a reception at 
the town hall, and a gala concert in a setting of a fine collection 
of 18th century prints and etchings, excelled only perhaps by the 
collections\in Florence and the Louvre. A genial evening in the 
friendly village of Grinsingen, one of the "Heurige" or new wine 
gardens, ended the day. The second day was devoted to a tour of 
the institute, including a series of clinicoanatomic demonstra- 
tions by Associate Professor Franz Seitelberger and his staff.... 
Among AAN members in Vienna from the U. S. A. were Kenneth Abbott, 
William Caveness, Konstantin Scharenberg, and Charles M. Poser. 


Symposium onCurare An international symposium on curare and 

Held in Rio de Janeiro curare-like substances was held in Rio de 
Janeiro (Aug. 5-17). Approximately 200 scien- 

tists from the United States, Britain, France, Italy, Brazil, Ar- 

gentina, Peru, Venezuela, Colombia, Spain, and Chile attended. 

sWith the aid of Bernard Sachs and the Rockefeller Foundati Marburg came to New York during World 


War II where he resumed his investigations in the laboratories of the Mount Sinai Hospital, the Montefiore 
Hospital, and the Neurological Institute, becoming clinical professor of neurology at Columbia University. 


Forty communications were presented, dealing with these compounds 
in their ethnographic, botanical, chemical=-physio-pharmacodynamic, 
and clinical aspects. Among the papers receiving special attention 
were those by J. Vellard (Lima), R. L. Froes (Belem), Paul Karrer 
(Zurich), C. Hejmans (Gant), V. Boekelheide (Rochester), D. Bovet 
(Rome), C. Chagas (Rio de Janeiro), D. Taylor (Los Angeles), and 
F. F. Foldes (Pittsburgh).... The symposium was sponsored by the 
President of the United States of Brazil and organized under the 
auspices of UNESCO, the Brazilian Research Council, the Brazilian 
Academy of Sciences, and the University of Brazil. On the execu- 
tive committee of the symposium were, Paulo B. Carneiro of the 
Brazilian delegation at UNESCO (Paris); Arthur Moses, president of 
the Brazilian Academy of Sciences; Carlos Chagas of the University 
of Brazil; and Daniel Bovet of the Superior Institute of Health 
(Rome). 

* * * * * 


New York MeetingsinDecember A large gathering is expected at the 
Promise Large Attendance yearly round of neurologic meetings to 

be held in New York in mid-December. 
The first is the annual meeting of the American League Against 
Epilepsy at the Roosevelt Hotel, December 12. The league program 
includes symposia on types of status epilepticus, physiology, and 
treatment ; toxic reactions to anticonvulsant drugs and their con- 
trol; medical and psychologic aspects of psychomotor and temporal 
lobe epilepsy in adults and children. Also there will be a limited 
number of free communications. Questions relative to the program 
should be submitted to Dr. Gilbert H. Glaser, Section of Neurology, 
Yale University School of Medicine, New Haven 11, Conn..... Another 
annual meeting is the one of the Association for Research in 
Nervous and Mental Disease (Dec. 135-14), also to be held at the 
Roosevelt Hotel. The topic to be discussed is "The Effect of 
Pharmacologic Agents on the Nervous System." Chairman of the 1957 
ARNMD Commission is Francis J. Braceland and the secretary- 
treasurer of the Association is Rollo J. Masselink, 700 West 168th 
St., New York 32, New York.... The last meeting of the series is 
the annual examinations of the American Board of Psychiatry and 
Neurology (Dec. 16-17), to be held at the New York State Psychi- 
atric Institute and the Neurological Institute. 


Masland Joins NINDB Richard L. Masland has been appointed assis- 
tant director of the National Institute of 
Neurological Diseases and Blindness in Bethesda. Before coming 
to NINDB (Sept. 18) Dr. Masland was professor of psychiatry and 
neurology (in charge of neurology) at the Bowman Gray School of 
Medicine. A Philadelphian by birth, he was graduated from Haver- 
ford College (1931) and the University of Pennsylvania School of 
Medicine (1935). After a two-year internship at the Pennsylvania 
Hospital in Philadelphia, his neurologic career began and continued 
a steady climb to distinction in the role of clinician, teacher, 


author, and researcher in both neurology and clinical neurophysi- 
ology. At the University of Pennsylvania he was appointed fellow 
in neurology (1938-1939) and associate in neurology (1940-1946), 
while at the Pennsylvania Hospital his title was assistant neurolo- 
gist (1939-1946). During the war Dr. Masland served as director of 
the department of physiology, School of Aviation Medicine at 
Randolph Field, Texas. His connection with the Bowman Gray School 
of Medicine began in 1947 as assistant professor, rising to full 
professor in 1955. A fellow of the American Academy of Neurology 
since 1949, he was president of the American League Against 
Epilepsy in 1954. His society membership also includes the 
American Neurological Association, the American Electroencephalo- 
graphic Society, the American Medical Association, and other 
national medical societies.... In July 1955 Dr. Masland obtained 
leave of absence from Bowman Gray to become research director of the 
National Association for Retarded Children to direct a nationwide 
survey of research facilities and opportunities in the field of 
mental retardation. He also comes to NINDB as a former part-time 
colleague, having served previously as consultant to the institute 
and a member of its training grants committee. 


Auth Becomes Thomas L. Auth has been appointed temporary 
VA Neurology Chief chief of the neurology division, Psychiatry 
and Neurology Service, of the Veterans Admin- 
istration Central office, Washington, D. C. Succeeding Benedict 
Nagler who occupied the post since 19535, Dr. Auth assumed his new 
duties September 9, 1957. Born in Springfield, Mass., he received 
his general medical training at the Georgetown University School of 
Medicine and the D. C. General Hospital. His training in neurol- 
ogy was at the Cushing VA Hospital and the Georgetown University 
Hospital under Francis M. Forster. Prior to becoming the VA 
neurology chief, Dr. Auth was assistant chief of the neurology 
service at the Mt. Alto VA Hospital and assistant professor of 
neurology at Georgetown.... Dr. Nagler now is superintendent of the 
Lynchburg Training School and Hospital, Colony, Virginia. 


Briefs The symposium of the Houston Neurological Society on the 
"Pathogenesis and Treatment of Parkinsonism" will be held 
on March 13 and 14, 1958, and not on March 16 as stated in the 
August Newsletter.... The proceedings of the Second International 
Congress of Neuropathology (London, 1955) have been published and 
may be purchased from Excerpta Medica Foundation, 111, Kalver- 
straat, Amsterdam, The Netherlands. The editor is W. H. McMenemey. 
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benefits repeatedly confirmed 


for exam p | e; Zoxazolamine* 


in multiple sclerosis Seven of 10 patients showed objective improvement, with 
“,..undoubted reduction in spasticity...” in two days to four weeks.' 

In another series—“All of the five patients with multiple sclerosis showed measur- 
able diminution of painful spasticity. 


in cerebral palsy “The administration of zoxazolamine (Flexin) in 28 children, each of 
whom had spasticity, produced a decrease of muscular tone on passive flexion in 
every instance."? 

“Of ten patients who received zoxazolamine (Fiexin) for a one-month period, small 
but significant improvements in tests of motor function were observed in six patients 
and some degree of improvement was apparent in one.""4 


references (1) Rodriguez-Gomez, M.; Valdes-Rodriguez, A., and Drew, A. Li: J.A.M.A. 160:752 (Mar. 3) 
1956. (2) Settel, E.: Am. Pract. & Digest Treat. 8:443 (March) 1957. (3) Abrahamsen, E. H., and Baird, H. W., 
Ul: JAMA, 160:749 (Mar. 3) 1956. (4) Millichap, J. G., and Hadra, R.; Neurology 6:843 (December) 1956. 
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Geo. Fleetwood 2-2131 Georgetown, Mass. 


Located in the hills of Essex County, 30 miles north of Boston 


For the treatment of psychoneuroses, personality 
disorders, psychoses, alcoholism and drug addiction. 


Definitive psychotherapy, somatic therapies, pharmacotherapy, milieu-therapy 
under direction of trained occupational and recreational therapists. 
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253 West 26th St., 
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HALL-BROOKE 
An Adlive Treatment Hospital 


A licensed private hospital devoted to active treatment, analytically- 
oriented psychotherapy, and the various somatic therapies. 

A high ratio of staff to patients. 

Large occupational therapy building with a trained staff offers 
complete facilities for crafts, arts and recreation. Full program of 
outdoor activities. 

Each patient is under constant, daily psychiatric and medical 
supervision. 

Located one hour from New York on 120 acres of Connecticut 
countryside. 


HALL-BROOKE 


Greens Farms, Box 31, Conn., Tel.: Westport, CApital 7-5105 
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Leo H. Berman, M.D. John D. Marshall, Jr., M.D. 

Alfred Berl, M.D. Peter P. Barbara, Ph.D. 
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SELECTED WRITINGS 
Of WALTER DANDY 


Selected Compiled by 
WALTER 
CHARLES E. 
TROLAND, M.D. 
and 
FRANK J. 
OTENASEK, M.D. 


DUAL PURPOSE: 


. to honor the memory of 


Doctor Walter E. Dandy 


. . to make available many of his 
writings not obtainable from other 
sources 


Certainly all neurosurgeons and neurologists 
should have this book, both as a historical 
volume and because of the ready availability 


of information. 


“When one has finished reading this 
monograph one realizes that another 
milepost in neurological surgery has 
been set up and the way paved clearly 
and carefully for others to follow.” 


Bulletin of the Johns Hopkins Hospital. 


Published 1957 
912 pages 183 illustrations 


Sent on approval, $15.00 


CHARLES C THOMAS ¢ PUBLISHER 301-327 East Lawrence Ave. SPRINGFIELD © ILLINOIS 


Louis Bakay—THE BLOOD-BRAIN BAR- 
RIER: With Special Regard to the Use 
of Radio-active Isotopes (‘56). 168 pp., 
75 il. (Amer. Lec. Neurosurgery), Cloth, 
$5.50 


Henry M. Cuneo and Carl W. Rand— 
BRAIN TUMORS OF CHILDHOOD ('52). 
236 pp., 80 il. (Amer. Lec. Neurosurgery), 
Cloth, $5.75. 


K. A. C. Elliott and Irvine H. Page— 
NEUR' TRY: The Chemical Dy- 
namics of Brain and Nerve (‘55). 916 pp., 
101 il., Cloth, $19.50 


Henri Gastaut—THE EPILEPSIES: Electro- 
Clinical Correlations ('54). 176 pp., 21 il. 
(Amer. Lec. Neurosurgery), Cloth, $4.75 


Webb Haymaker—THE FOUNDERS OF 
NEUROLOGY ('53). 512 pp., 133 iL, 
Cloth, $10.50 


Gilbert Horrax — NEUROSURGERY: An 
Historical Sketch (‘52). 160 pp., 41 il, 
(Amer. Lec. Neurosurgery), Cloth, $3.75 


Sherwood Moore—HYPEROSTOSIS CRA- 
NII: Stewart-Morel Syndrome: Metabolic 
Craniopathy: Morgagni’s Syndrome: Stew- 
art-Morel-Moore Syndrome (Ritvo): Le Syn- 
drome de Morgagni-Morel ('55). 260 pp., 
129 il., Cloth, $10.50 


Wilder Penfield—EPILEPTIC SEIZURE 
PATTERNS: A study of the Localizing 
Value of Initial Phenomena in Focal 
Cortical Seizures ('51). 112 pp., 18 il, 
Cloth, $3.75 


Graeme Robertson—PNEUMOENCEPHA- 
LOGRAPHY ('57). 502 pp. (7%x9%), 596 
il. (66 in color), Cloth, $14.50 


Marcus Singer and Paul I. Yakovlev— 

BRAIN IN SAGITTAL SEC- 
TION ('55). 62 pp. (12x9), 46 plates (Amer. 
Lec. Anatomy), Cloth, $7.75, Lexide, $6.25 
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FOUNDED 1879 


RING SANATORIUM 


Eight miles from Boston 


For the study, care and treatment of emotional, mental, personality and 
habit disorders. 


On a foundation of dynamic psychotherapy all other recognized thera- 
pies are used as indicated. 


Cottage accommodations meet varied individual needs. Limited facili- 
ties for the continued care of progressive disorders requiring medical, 
psychiatric, or neurological supervision. 


Full resident and associate staff. Courtesy privileges to qualified physicians. 


BENJAMIN Suwon, M.D. E. Wurre, M.D. 
Director Assistant Director 


Arlington Heights, Massachusetts Telephone MIssion 8-0081 


complete integrated facilities for 
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©® SINGLE CHANNEL EMG with two-channel magnetic 
tape recorder for recording notes 
Medel TE 1.37 | and EMG simultaneously. 


@ TWO-CHANNEL EMG permits simultaneous recording 
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Model TE 2-7 tials or of one potential together 

with a related physical param- 

eter such as force or pressure. 


® Automatic controls and new circuits provide simplified 
rellable operation without shielded rooms in most loca- 
tions. @© EMG potentials faithfully reproduced by special 
recorder circuits. ® Specifications equal or surpass require- 
ments for research, teaching and clinical use. 
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